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Abstract

A series of investigations of coal and char fragmentation during pulverized coal combustion
is reported for a suite of coals ranging in rank from lignite to low-volatile (Iv) bituminous
coal under combustion conditions similar to those found in commercial-scale boilers.
Experimental measurements are described that utilize identical particle sizing characteristics
to determine initial and final size distributions. Mechanistic interpretation of the data
suggest that coal fragmentation is an insignificant event and that char fragmentation is
controlled by char structure. Chars forming cenospheres fragment more extensively than
solid chars. Among the chars that fragment, large particles produce more fine material than
small particles. In all cases, coal and char fragmentation are seen to be sufficiently minor
as to be relatively insignificant factors influencing fly ash size distribution, particle loading,
and char burnout.

This work was supported by the U.S. Department of Energy, Office of Fossil Energy,
Pittsburgh Energy Technology Center, Advanced Research and Technology Development
Program.
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Introduction

Char fragmentation and flyash formation during pulverized-coal combustion impact
important aspects of boiler operation including radiative heat transfer, fouling and slagging
propensities, and particulate removal efficiency. Flyash that escapes particle cleanup
systems constitutes a significant environmental and health hazard and is the focus of
substantial legislation and regulation [Wark and Warner, 1981]. These practical,
environmental, health, and legal considerations have motivated a number of theoretical and
experimental studies of flyash formation.

Reported mechanisms of flyash formation include (1) vaporization and recondensation of
volatile components of coal ash [Flagan, 1978; Flagan and Taylor, 1980; Neville, et al.,
1980; Neville and Sarofim, 1985; Quann, et al., 1982; Quann, et al., 1990; Quann and
Sarofim, 1982; Quann and Sarofim, 1986], (2) fragmentation of ash due to inorganic
reaction [Baxter and Mitchell, 1992; Raask, 1984; Raask, 1985], (3) convective transport
of ash during rapid organic reaction [Allen and VanderSande, 1984; Baxter, et al., 1994 (to
appear)], (4) structural disintegration of chars [Flagan and Sarofim, 1984], (5) shedding of
ash material from the surface of chars during combustion [Allen and VanderSande, 1984;
Quann, et al., 1982; Quann and Sarofim, 1982], and (6) coalescence of ash within a char
particle [Allen and VanderSande, 1984; Baxter, 1992; Quann and Sarofim, 1982].The term
fragmentation, as used in this paper, encompasses all mechanisms that produce more than a
single ash particle from a char particle and could involve any or all of the above processes.

Several mechanistic details of fragmentation are available in theoretical papers. Statistical
studies ranging from number balances [Dunn-Rankin and Kerstein, 1987; Dunn-Rankin
and Kerstein, 1988] to percolation models [Kang, et al., 1988; Kang, et al., 1990; Kerstein
and Edwards, 1987] describe the transient development of char particle size distributions,
often for a series of assumed scenarios of fragmentation. These models vary widely in
their level of detail, although none describes all aspects of fragmentation and parameters
used in the models do not always lend themselves to experimental measurement. While
progress in this area continues, there exist no complete descriptions of fragmentation in the
available literature.

Experimental techniques for studying fragmentation include both solidsampling and laser-
based, in situ techniques. Typical solid-sampling studies involve size classification of
flyash by a cascade of impactors. Feed material and equipment used in these studies range
from mechanically classified samples of coal entrained in larninar flow facilities [Quann and
Sarofim, 1982] to utility grind coal sampled from boiler ducts [Holve, 1986]. In situ
techniques reported in the past [Wibberley and Wall, 1986] have also been used in laminar
flow facilities. Results from various experiments appear discrepant when examined
superficially. For example, the reported number of flyash particles generated per char
particle varies from near one [Holve, 1986; Sarofim, et al., 1977; Wibberley and Wall,
1986] to several tens of thousands [Quann and Sarofim, 1982; Quann and Sarofim, 1986].
As will be illustrated, these discrepancies may be more superficial than actual. None of
these investigations used the same analysis technique to characterize both the feed material
and the flyash under combustion conditions representative of commercial boilers.

Specific objectives of this investigation are to (1) devise a fragmentation model that is
sufficiently complete to analyze data collected from systems using utility grind coal as a
feedstock, (2) measure experimentally the initial and final particle size distributions using
the same in situ diagnostic and under conditions comparable to commercial scale operation,
and (3) combine the theory and experiment to determine the extent of char fragmentation.
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One of the unique aspects of these investigations is the use of the same in situ sizing
technique to determine both char and fly ash particle sizes. Experiments are conducted in
the Multifuel Combustor (MFC) using utility-grind, pulverized coal in an environment
simulating that of a utility-scale boiler. Size distributions are measured immediately after
coal devolatilization and at the end of char combustion (greater than 99% daf burnout as
determined from tracer analysis of solid samples).

The extent of char fragmentation, as indicated by the number of fly ash particles formed per
char particle, is found to depend on (in order of importance): (1) char structure, (2) initial
char particle size, (3) ash content, and (4) mineral grain size distribution. The first three
dependencies are clearly indicated by existing data. The fourth is postulated pending
further investigation of mineral grain size distributions in these coal samples.

The analysis of the data collected from the MFC is similar to a previously published model
of char fragmentation [Baxter, 1992]. This analysis is briefly reviewed here. The
experimental design is also briefly reviewed. The bulk of the discussion centers on the
results and their implications.

Theoretical Analysis

The fragmentation model described below relates the initial char (not coal) feedstock and
final fly ash size distributions. The model is written in terms that are convenient for
laboratory analyses. That is, the char particles have physical properties that can vary as a
function of size,but, at a given size, are described by a single-valued function. Particle-to-
particle variations in physical properties at a given size are neglected. Also, transient
developments in particle size distributions, as discussed by many of the previously cited
authors, are neglected. Size distributions of the initial char and final fly ash can be related,
in general, through a particle number balance.

.

da d==- da

Jnj(x)dx = Hg(xly)dx~:(y)dy
dat dc=Oda, (1)

The functions n ~ and n’c represent particle concentration density functions for fly ash and
char, respectively, with typical units of particles/(m3 pm). Dummy variables x and y are
used in the integrands to represent fly ash (da) and char (dC) particle diameters,
respective] y. Integration of n‘ with respect to particle diameter represents the cumulative
concentration of particles with sizes between the limits of integration. Thus, the integral on
the left represents the total concentration of fly ash particles with diameters larger than da 1
and smaller than da.

t

The function g(xly) is a conditional fly ash particle size distribution (psd); it indicates the
ultimate size distribution of fly ash particles formed from a char particle with initial size y.
This represents the only portion of the above equation that is not determined experimentally
in this investigation.

Several published theoretical and experimental results suggest general forms of the
function. One example [Quann and Sarofim, 1986] provides data from which g(xly) can be
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determined for one char particle size. In that study, coal particles were mechanically sieved
to a 140 pm nominal diameter and combusted at a particle temperature of about 2000 K in
a 20 YO 02 environment. The number of fly ash particles generated was deduced as a
function of fly ash particle size.

The function g(xly) for this literature data [Quann and Sarofim, 1986] can be generated by
differentiating the cumulative size distribution with respect to particle size. This is
illustrated in Figure 1. The linearity of the data when plotted in this way suggests that the
the data follow a power-law distribution, i.e.,

{

a(y)x~, for Xl(y)< x < x2(y),
g(xly) = o

otherwise
(2)

where xl and X2 represent the diameters of the smallest and largest fly ash particle
generated, respectively. This conditional psd describes a power-law size distribution
between the limits xl and X2for fly ash particles generated from each char particle of size y.
Note that this functional form can only describe the results from an ensemble of initial char
particles with size y. The functional form of g for a single char particle is series of Dirac
delta functions.

Values for a and b of 3260 and -3.21, respectively, fit the literature data [Quann and
Sarofim, 1986] with a coefficient of determination [Canavos, 1984] (rz) greater than 0.99
(in logarithmic coordinates with x expressed in microns). The original data of Quann and
Sarofim have been recast in number density form, and this correlation is compared with
these recast data in Figure 1. The authors state that the smallest particles (those smaller
than about 0.6 pm) are generated by vaporization-recondensation mechanisms, whereas the
larger particles are believed to be generated by surface drop shedding or disintegration of
char structures. If the data at sizes smaller than 0.6 pm are eliminated, values for a and b
of 2370 and -2.95, respectively, fit the remaining data, also with a coefficient of
determination greater than 0.99. Therefore, the functional form for g(xly) given by Eq. 2
represents at least this set of data regardless of the mechanism of fragmentation and the
value of b used in the conditional psd can be assumed to be approximately -3.

Results of a percolation model of char fragmentation [Dunn-Rankin and Kerstein, 1988]
provide further theoretical motivation for this functional form of this conditional pdf. This
formulation has been used in other theoretical studies of the transient evolution of char
particle size distributions [Kerstein and Edwards, 1987].

A mass balance on the fly ash determines the function a(y), as follows:

J~a(y) = ~P#39(XlY)~X = ~p.@)AX(Y) = @a(.Y)mc = ~,(Y)~PCY3(3)
o

where p represents density, corepresents ash mass fraction, and & represents x2-x1. Note

that the density of the initial char particle (pC) represents the density of the total particle, not
just the organic portion. Also, the density of thefinal ash particle and the ash mass fraction
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in the char particle (pa and COa,respectively) represent values of ash, as opposed to the
mineral matter from which the ash is formed. It follows from Eq. 3 that,

a(y) = @a(Y)PCY3

pafix(y)

For convenience in determining the upper and lower bounds of 9,
f(y) is designated thejragmentationfactor and is defined as follows:

(4)

a parametric function

(5)

*

The numerator represents the size of the fly ash particle that obtains when all of the ash in a
char particle coalesces, i.e., no fragmentation occurs. The function fequals the ratio of this
hypothetical size to the size of the largest fragment actually generated from a char particle
(x2); f increases with an increase in the extent of fragmentation. In the limit of no
fragmentation, fis unity, independent of either initial char particle size (y) or char size
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Figure 1. Power law function g(xly) correlated with the power-law size
distribution. Data are from the literature [Quann and Sarofim,
1986].
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dependencies in either poro. (This statement may appear to contradict the explicit
dependence of f on y indicated in Eq. 5. However, in the case of no fragmentation, this
explicit dependence cancels with the implied dependence of X2 and of the physical
properties on y.) In general,~is expected to be greater than or equal to 1. The parameter
indicates the extent of fragmentation in that it increases as the extent of fragmentation
increases. If char were to produce a monodispersion of fly ash particles as a consequence
of fragmentation, the total number of fragments produced would be equal to f q.

A second function s(y), designated the fragment size ratio, is defined as

s(y) = -
2

(6)

and represents the mode of fragmentation in the sense that s decreases as the range of
fragment sizes produced from a char particle increases. If there is no fragmentation, both f
and s are unity. As s decreases from unity toward zero, the range of sizes of fragments
produced from a single char particle increases.

Equation 2 can be written in terms of the parameters fand s as

I‘apcy3X-3for Xl(Y)< X g X2(Y)
9(XIY) = p#x

o
otherwise

yielding

(7)

where s, ~ and X2 depend on y. The second term on the right side is negative for all y
where dal > X1 and the third term is negative for da < x2. Otherwise, both terms are
zero. If all particle sizes are included in the integration (dal = O and da larger than the
largest char or fly ash particle in the stream), the only nonzero term on the right side of the
equation is the first term, which represents the ratio of the total numbers of fly ash and char
particles.

In general, both fand s depend on initial char particle size y. However, the qualitative
relationship between initial char and fly ash particle size distributions is conveniently

illustrated by assuming that ~ s and the ratio (coa pc )/pa are independent of initial char
particle size and can be treated with average values. This means the char particles are
homogeneous, or size-invariant, with respect to both their physical properties and their
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In general, both f and s depend on initial char particle size y. However, the qualitative
relationship between initial char and fly ash particle size distributions is conveniently

illustrated by assuming that t s and the ratio (ma pc )/pa are independent of initial char
particle size and can be treated with average values. This means the char particles are
homogeneous, or size-invariant, with respect to both their physical properties and their
fragmentation properties and that the behavior of particles in a given size range can be
represented by statistical averages of properties. Under these assumptions,

[1
1/3

OaPcX2. — ;“PY
Pa

(9)

and

x,= SX2 = psy

(lo)

where p is independent of y and typically has a value of order 0.5 or less. This allows the
integral of the conditional psd to be expressed analytically in terms of Y only. If all ash
particles are included in the integration (clal = O), the relationship between char and fly ash
concentration distributions can be written as

A linear transformation of this equation relates directly to the experimentally measured
cumulative particle size distributions reported later. This transformed expression is

J J JKa(d) = n;(x)cfx = 17:(x)dx - 17;(x)dx

d o 0 (12)

where the integral from O to C=is a constant (independent of da). A similar expression
defines the function Kc for the char particles.

. d

Kc(d) - p(x)dx =Jn;(x)dx- Jn;(x)dx

d o 0

.

(13)
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Limiting forms of Eq. 1, other than Eq. 11, are useful to consider. If the initial char
particles are monodisperse (r)~ is a Dircac delta function), the integral on the left represents
the total number of fly ash particles produced per char particle. Assuming Eq. 2 as the
appropriate description for 9, the total number of fly ash particles generated per char
particle becomes

(–)~=fs 1+s

z S*
(14)

Eq. 14 indicates the dependence of the number of fly ash particles on the parameters f and
S. For a given value of f, the number of fly ash particles increases dramatically as s
decreases (recall that s is always less than or equal to 1). Similarly, as ~ increases for a
given value ofs, the total number of fly ash particles increases as f3.

The valid range of the functions$ands illustrate that this theoretical approach is applicable
only to ensembles of particles, not to individual particles. For example, when the ash in an
individual particle coalesces to form a single fly ash particle (f= 1), there is on]y one size
fly ash particle produced (S= 1). However, only a fraction of the particles in an ensemble
of nominally identical char particles may behave this way. Therefore, fcan assume a value
of unity for the ensemble without limiting the range of values s can assume. In the
application of this theory in this work, the only theoretical limitations on these two
parameters are that f21 and s< 1. The functions are independent of each other.

Experimental Conditions

The Multifuel Combustor (MFC) (Fig. 2) and a Particle Counter Sizer Velocimeter (PCSV)
are the primary experimental facility and diagnostic, respectively, used in this work. The
MFC provides careful control of gas temperature and composition in a long-residence-time
facility. The MFC was operated at a firing rate of 0.07 MBtu/hr with overall oxygen
concentrations varying from 5 to 3 mole % during char oxidation, conditions similar to
commercial-scale boiler operation. Particle residence time is varied by moving the location
of the coal injection lance to various ports along the length of the combustor.

The PCSV performs in situ measurements of particle frequency (count), size and speed at
the base of the combustor. The PCSV is based on near-forward light scattering from laser
beams focused at the center of the reactor flow. Two laser beams are used, one for large
particles (> 3 ~m) and the second for small particles. The measurements are based on
individual particles passing through an approximately ellipsoidal diagnostic volume with a
major axis of about 1 mm and minor axes of approximately 300 ~m for one beam and 50
~m for the second. The diagnostic is discussed more fully in the literature [Holve and Self,
1979a; Holve and Self, 1979b; Holve, et al., 1981].

The accuracy of the instrument is verified by passing monosized standards through the
diagnostic volume and comparing the measured particle sizes with the known actual sizes.
Standards used included glass beads entrained in air and transparent discs etched in an
opaque reticule. The standards varied from 0.6 to 60 pm and indicate that the PCSV
reports particle sizes within one size bin or 0.1 ~m of the correct size, whichever is larger.
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Figure 2. Schematic diagram of the Sandia Multifuel Combustor. The laser
beam from the PCSV particle sizing system is illustrated in the test
section of the combustor.

The precision of the data is determined by repeating measurements of coal and fly ash in the
MFC under nominally identical conditions and computing coefficients of variation from the
results. At least five, and as many as twelve, replicate experiments were performed for
each coal at each sampling height. The coefficient of variation thus determined includes
experimental uncertainty as well as actual fluctuations due, for example, to turbulent
fluctuations and variations in coal feed rates. The impact of such fluctuations on the data
can be minimized by computing the total mass flowrate from the measured particle
concentrations and normalizing all the results to this value. Confidence intervals presented
below are based on these measured coefficients of variation and standard statistical
techniques.

.

The upper and lower detection limits of the PCSV are determined in these experiments by
the points at which the agreement among the repeated tests becomes poor, as indicated by
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the statistical confidence intervals. The lower limit is 0.4 -0.7 ~m and is controlled
primarily by signal-to-noise levels in the detector. The upper limit is controlled by
sampling statistics in this experiment. Approximately 160,000 individual particles were
sampled per measurement, and each measurement was repeated 5 to 12 times. Under these
conditions, the upper detection limit is about 100 pm.

Reasonably complete analyses of all the coals used in these experiments are included in the
appendix. The data in the appendix include all of the coals used in the program to date.
There are several samples of coal with the same name. These are distinguished by
numbers, for example, Illinois #6 (2) is a different coal sample than Illinois #6 ( 1).

The nominal conditions under which these experiments were conducted are summarized in
Table 1. Under these experimental conditions, the particles forma dilute phase in the gas,
with the total particle volume fraction far less than one percent of the overall gas volume.
Consequentially, the probability of particle-particle collisions producing agglomerated fly
ash is vanishingly small.

Coals and Coal Properties

Table 2 summarizes the properties of the coals whose fragmentation rates were studied.
The coals span a range of rank from lignite to low-volatile bituminous and a range of ash
concentrations from 2.8 to 52 90, with an average value of sligthly greater than 10 ?40.

Representatives from essentially every commercially significant coal-producing region of
the country are included among the coals studied. More complete analyses of the coals are
provided in Appendix A. These analyses include: (1) moisture content; (2) proximate
analysis; (3) ultimate analysis; (4) ash chemistry; (5) ash fusion temperatures under
reducing and oxidizing environments; (6) sulfur forms; (7) particle size distributions
determined by sieves; (8) particle size distributions determined by Malvem optical analyses,
(9) chlorine content (for coals containing appreciable chlorine), and (10) heating value. In
all cases, the data are averages of several replicated measurements.

Table 1

Typical Local Gas and Particle Properties in the MFC at the Initial Char and
the Fly Ash Measurement Locations

Prouerty Initial Char M

Gas temperature (“C) 1100 900

Oxygen mole fraction 0.06 0.04

Particle residence time ~ (s) 0.2 2.1

Particle burnout (da~ 0.65 0.99+

Particle temperature (“C) 1250 900

Fragmentation data for all of the coals are available. There is a great deal of similarity and
consistency among the data for similar coals. Representative results illustrating trends with
initial particle size, ash loading, coal type, and char structure are presented here. In the
discussion below, we focus upon the important trends observed in these collections of
data.
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Table 2

Characteristics of utility-grind coals studied during this investigation.

Parr Values*
coal Fixed Volatile Heating Ash? Rank

Carbon Matter Value
[-1 [-1 BtuAb [-1

Pocahantas #3 (1) 85.8 14.2 15712 7.1 Iv Bituminous
Upper Freeport~
Mingo Logan
Pittsburgh-Seam
Illinois #6 (3)
Pittsburgh #8 (2) ‘
Massey Sprouce
Eastern Kentucky
Pittsburgh #8( 1)
Utah Blind Canyon
Kentucky #1 l%
Illinois #6 (2)
SOAP$
Kentucky #9~
Hanna Basin
Illinois #6 (1)X
Roland-Seam
Decker
Black Thunder
Belle Ayr
Wyodak
Antelope
Eagle Butte~
Beulah Lignite~

71.45
64.18
59.01
57.32
61.51
62.85
59.76
56.44
51.92
57.38
56.34
57.6
57.15
57.59
55.68
52.85
53.92
42.27
49.02
51.79
54.53
51.68
51.28

28.55
35.82
40.99
42.68
38.49
37.15
40.24
43.56
48.08
42.62
43.66
42.4
42.85
42.41
44.32
47.15
46.08
57.73
50.98
48.21
45.47
48.32
48.72

15342
15141
15154
15023
14843
14786
14724
14695
14276
13269
13083
12900
12791
12053
11997
11494
10726
10675
10130
10059
9918
9286
8202

21.66
9.34
8.40
5.62
6.55
8.33

10.15
10.68
10.40
22.21
12.33
2.8

14.64
11.05
10.13
6.29
5,11
6.46
6.04
6.22
5.51
6.40

13.86

-.
mv Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv B Bituminous
hv B Bituminous
hv C Bituminous
hv C Bituminous
hv C Bituminous
hv C Bituminous
Subbituminous A
Subbituminous A
Subbituminous A
Subbituminous B
Subbituminous B
Subbituminous B
Subbituminous C
Lignite A

Texas Lig~ite~ 39.98 60.02 7513 51.96 Lignite A

Blends
Eastern Blend 67.77 32.23 15312 8.67 hv A Bituminous

Pitt. #8/Decker 61.3 38.7 13599 6.96 hv B Bituminous
NIPSCO Belnd (1) 54.3 45.7 12786 7.71 hv C Bituminous
NIPSCO Blend (2) 53.26 46.74 12742 7.80 hv C Bituminous
Roland/Illinois #6 54.3 45.7 12467 8.97 hv C Bituminous
Eagle Butte/Ken. W 51.3 48.7 10592 9.39 Subbiturninous A
* Fixed carbon and volatile matter are on dry, mineral-free (as opposed to ash-

free) basis. Heating value is on a moist, mineral-free basis.
7 Ash is on a dry basis.
$ Spherical Oil Agglomeration Product derived from an Illinois #6 coal.
Y Coals obtained from PSIT as part of the original suite used in their mineral

investigations.
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Experimental Results and Discussion

Coal Fragmentation

.

.

Coal fragmentation (as opposed to char fragmentation) could be effected by rapid mass loss
during devolatilization. The extent of coal fragmentation was analyzed in this study by
comparing coal particle size probability density functions with those for char particles after
devolatilization. Figure 3 illustrates cumulative particle size distribution (pdf) data for the
Kentucky #9 coal. Data of these type are often presented in a histogram format. All data in
this report are persented on a pdf basis. The difference can be quite large. The histogram
format presents the fraction of the total data contained within some range, for example, the
mass fraction of particles with sizes between two limits. The value of the ordinate is
usually dimensionless, because the mass fraction is dimensionless, and changes with
changes in the range of the data.

Char Fragmentation

Data derived from many coals are presented below. The discussion will first contrast a
typical swelling coal (Pittsburgh #8) and a non-swelling coal (Roland coal). Results from
the remainder of the coals will be presented in the context of the results from these two
coals and will be shown to be consistent in their interpretation.

Cumulative size distributions for char and fly ash particles generated from the Pittsburgh #8
(2) coal are illustrated in of Fig. 3a. The mean value of the several measured distributions is
indicated together with 95 ?ZOconfidence intervals. The coefficients of variation (standard
deviation divided by mean) used in computing the confidence intervals are illustrated as a
function of particle size in Fig. 3b. These experimentally determined coefficients of
variation are largest at small particle sizes. Light scattering intensity is lowest, for small
particles and is most influenced by experimental error (detector noise, beam steering, etc.),
giving rise to higher coefficients of variation.

The data illustrated in Fig. 3 are representative of all of the coals studied, Only the final
results of the fragmentation analysis will be presented for the remainder of the coals
studied.

The confidence intervals are largest for the submicron-sized char particles. These,
however, are of little consequence to the analysis since they form fly ash particles too small
to reliably detect with this technique. Over the range of char and fly ash particle sizes of
interest in this study, the size distributions are determined within approximately & 20
relative percent accuracy. The confidence intervals are much smaller over most of the range
of interest.

Using these data, the fragmentation factor j is computed according to the equations
indicated in the preceding discussion. The only quantity not determined from the
measurements iss. Figure 4a illustrates the computed value off for an assumed value ofs
of unity. This is equivalent to assuming that equal-sized fly ash particles form from a char
particle of a given initial size. While this assumption is probably not realistic, it is
convenient for engineering models (such as ADLVIC) that incorporate fragmentation
behavior.
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Figure 3. Cumulative particle size distributions and statistics for char and fly
ash generated from the Pittsburgh #8 (2) hv A bituminous coal.
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As illustrated in Fig. 4a, the value of the fragmentation factor exceeds unity only for initial
char particle sizes larger than about 20 pm. The size of fragments generated by the
fragmentation of these large particles is indicated by the second abscissa at the top of the
figure. Fly ash particles generated through fragmentation are concentrated in the 10 pm
size range.

The fragmentation factor should range from 1 to larger values, as can be seen from its
definition (Eq. 5). The experimental measurements indicate a fragmentation factor as low
as 0.7 in some regions of char and fly ash sizes. This is probably associated with
variations in the char density and ash mass fraction and the fly ash density as a function of
particle size. Reliable information concerning the particle size variation of these physical
properties is not available for this coal. Therefore, the properties were assumed to be equal
to their average values at all particle sizes. Considering that the fragmentation factor is
derived entirely from experimental data, this small deviation of the experimental value
below its theoretical limit is viewed as only a minor concern in these results.

Results from similar measurements and analyses for a Roland-seam coal are illustrated in
Fig. 5. The ordinates of the two panels in Fig. 5 are scaled the same as those in Fig. 4 to
allow a direct comparison. The lower-rank Roland coal is seen to fragment less extensively
than the Pittsburgh #8 bituminous coal. This is consistent with our previous results and
with the postulate that fragmentation is strongly influenced by char structure [Baxter,
1992]. Coals that form chars that are cenospheres or ‘mesospheres’ (have very large
voids) are more likely to fragment because they have inherently unstable structures as they
burn out. Such is the case with high volatile bituminous coals. Chars that do not form
cenospheres, such as the Roland coal, are stable as the char particles burn out. The
fragmentation data reflect the stability of the char structure in that there are few fragments
formed per original char particle.

The comparison of the Pittsburgh #8 and Roland coals is representative of all of the coals
we have tested. Data for additional coals and coal blends are illustrated in Figures 6
through 10. These data are consistent with earlier observations, i.e., the extent of
fragmentation generally increases with increasing char particle size, is greater for chars that
form cenospheres than for more dense chars, and decreases with increasing ash loading.
While these general characteristics are consistent among all of the data, some details of the
data that need further explanation.

Data for the Utah Blind Canyon coal, which is borderline between hv A and hv B
bituminous, indicate little fragmentation at any particle size, much the same as the Roland
and other subbituminous coals and lignites examined. When compared to the other
bituminous coals, the behavior of the Blind Canyon coal appears anomalous. This is only
an apparent anomaly, as can be verified by a more detailed investigation of the chemistry of
the Utah Blind Canyon coal.

Figure 11 indicates the detailed chemical structure of coals from many of the same seams
used in this experiments, including the Blind Canyon coal. These data are taken from
published NMR spectroscopy results [Solum, et al., 1989], for coals obtained from the
Argonne premium coal bank, not the samples of the coals tested here. The Blind Canyon
coal in the Argonne coal bank is chemically more similar to the lower-rank subbituminous
coals and lignite than it is to even to the hv B bituminous samples. There are no samples
of hv C available for comparison with these data. We postulate this chemical difference is
the reason for the different fragmentation behavior. Coal rank is based solely on heating
value and moisture content for these coals (as determined by ASTM D388-36) and is only a
crude indicator of the actual chemical structure of the raw coal.
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The influence of ash loading on fragmentation behavior is minor. This can be seen by
comparing results for the Kentucky #9 coal with the Illinois #6 (1) coal shown in Fig. 12
and Fig. 13. With reference to Table 2 and the appendix, these two coals are seen to be
similar in most respects, with the exception that the Kentucky #9 coal has roughly 50%
higher ash content than the Illinois #6 (1) coal. Comparison of the similar data for the
Kentucky #9 and Illinois #6 (1) coals with the data for the Beulah lignite (Figs. 1.2and 13)
clearly underscores the dominant importance of coal rank on fragmentation behavior.

Conclusions

The fragmentation data investigated thus far show consistent trends in that: (1) large char
particles produce far more fly ash particles than small char particles; (2) the extent of
fragmentation tends to increase with increasing coal rank through hv bituminous; (3) the
extent of fragmentation tends to decrease with increasing ash loading; and (4) in all cases
studied thus far, the total increase in the number of particles greater than 0.6 pm in diameter
by char fragmentation is less than a factor of two.

These general trends have been established for a significant number of coals over a broad
range of rank, ash loading, and particle size. Our results indicate substantial agreement
among experimental results previously thought to be in disagreement.
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In particular, the dependence of char fragmentation on char particle size had not previously
been recognized when comparing results from different systems. Theimplications of this
particle-size dependence reconcile, in part, seemingly discrepant results previously reported
in the literature. This is discussed in more detail elsewhere [Baxter, 1992]. Furthermore,
the current study clearly indicates that, for typical coals in typical combustion
environments, the extent of fragmentation experienced at all char particle sizes is relatively
minor.

Finally, based upon our extensive data sets for a broad range of coals, a mechanistic
description has been developed that predicts the trends observed in the data. However,
significant additional work needs to be performed to establish quantitative relationships
between fly ash chemistry and the size distributions of both the char particles and the
mineral grains within the char particles.

Practical Implications

Combination of the coal and char data indicate that fragmentation under typical pulverized-
coal-fired conditions of particle size and oxygen concentrations: (1) is most significant for
cenosphere-forming coals, (2) decreases slightly with increased ash loading, and (3) is
relatively insignificant in all cases. These results have direct application to.
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APPENDIX A

Summaries of Analyses on Utility-Grind Samples of Coal

The following tables summarize the most commonly measured characteristics of the suite of utility-
grind coals tested in the multifuel combustor during this project. Included among the data are the
results of moisture, proximate, ultimate, ash, ash chemistry, heating value, forms of sulfur,
oxidizing and reducing fusion temperature, and particle size distribution analyses. The tables
summarize average results for an often large number of samples. Not all analyses were performed
on all samples. For example, proximate and ultimate analyses were not performed on the samples
of coals used in chemical fractionation tests. This leads to occasional small discrepancies in, for
example, the sum of the oxides and the total ash content, even when undetermined ash is included
in the sum of oxides.

Additional characterizations of many of the coals have been performed. These include size-
resolved characterizations of the fraction of eastern and western coal in the blends, chemical
fractionation results for about two thirds of the coals, and a variety of SEM-based and other
individual-sample-based analyses. These additional analyses are available in published reports
from this project but are not summarized here.

Blank entries indicate that no data are available. The most common examples include chlorine in
ash (usually not measured), acid soluble alkali (available for small fraction of the coals), and one
set of the Malvern size distribution data. The Malvern size data are reported in one of two
alternative sets of ranges. Data from both ranges are rarely available. These Malvern data are for
the pulverized, raw coal samples and they too have been averaged with several replicate
measurements,
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Table A.1

Summary of utility-grind coals studied during this investigation.

Parr Values*
Coal Fixed Volatile Heating Ash? Rank

Carbon Matter Value
[-1 [-1 BtuAb [-1

Pocahantas #3 ( 1) 81.2 18.8 15750 4.5
Upper Freeport~”
Mingo Logan
Pittsburgh #8 (3)
Illinois #6 (3)
Pittsburgh #8 (2)
Massey Sprouce
Eastern Kentucky
Pittsburgh #8 (1)
Utah Blind Canyon
Kentucky #11*
Illinois #6 (2)
SOAP$
Kentucky #9~
Hanna Basin
Illinois #6( 1)~
Roland-Seam
Decker
Black Thunder
Belle Ayr
Wyodak
Antelope
Eagle Butte~
Beulah Lignitex
Texas Lignite~

71.45
64.18
59.01
57.32
61.51
62.85
59.76
56.44
51.92
57.38
56.34
57.6
57.15
57.59
55.68
52.85
53.92
42.27
49.02
51.79
54.53
51.68
51.28
39.98

28.55
35.82
40.99
42.68
38.49
37.15
40.24
43.56
48.08
42.62
43.66
42.4
42.85
42.41
44.32
47.15
46.08
57.73
50.98
48.21
45.47
48.32
48.72
60.02

15342 21.30
15141 9.34
15154 9.01
15023 5.62
14843 6.62
14786 8.33
14724 10.15
14695 10.68
14276 10.16
13269 22.15
13083 12.21
12900 3.99
12791 15.64
12053 9.99
11997 10.24
11494 6.16
10726 5.12
10675 6.46
10130 6.04
10059 6.18
9918 5.51
9286 6.37
8202 13.69
7513 52.18

lVBituminous
mv Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv A Bituminous
hv B Bituminous
hv B Bituminous
hv C Bituminous
hv C Bituminous
hv C Bituminous
hv C Bituminous
Subbituminous A
Subbituminous A
Subbituminous A
Subbituminous B
Subbituminous B
Subbituminous B
Subbituminous C
Lignite A
Liaite A

Blends
Eastern Blend 67.77 32.23 15312 8.67 hv A Bituminous

Pitt. #8/Decker 61.3 38.7 13599 6.26 hv B Bituminous
NIPSCO Belnd (1) 54.3 45.7 12786 7.80 hv C Bituminous
NIPSCO Blend (2) 53.26 46.74 12742 7.71 hv C Bituminous

Roland/Illinois #6 54.3 45.7 12467 9.29 hv C Bituminous
Eagle Butte/Ken. #9 51.3 48.7 10592 8.91 Subbituminous A
* Fixed carbon and volatile matter are on dry, rnineraLfree (as opposed to ash-free)

basis. Heating value is on a moist, mineral-free basis.
T Ash is on a dry basis.
$ Spherical Oil Agglomeration Product derived from an Illinois #6 coal.
Y Coals obtained from PSIT as part of the original suite used in their mineral

investigations.
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Table A.2 Properties of the Pocahantas #3 coal.

Pocahantas #3
Analvses I ArIahR.=e 1. ..-. —-

‘rotimale Dry As Rec’d Size Dktribution S]eves mass % in size bln cum. mass !

Fixed Carbon 77.00 76.53 dpMX3pm +28 0.00 0.00

Volatile Matter 18.49 18.37 600ym>dp>3@lpm 28x48 0.70 0.70

Aoisture 0.62 3C0pm=-dp.\49pm 48x1 00 3.67 4.37

Jltimate Dry As Rec’d 149pmAp>74pm 100X200 14.37 18.73

c 87.52 86.98 74prntip*ym 200x325 15.47 34.20

H 4.26 4.23 44prnX5p -325 65.80 100.00

0 1.55 1.54 Size Distribution (Malvem)- Size Distribution (Malvem)”

N 1.25 1.24 Oiameter ?, in cum. vol. Diameter % in cum, vol.

s 0.75 0.75 (~m) size bln per. (pm) size bin per.

cl 0.16 0.16 188m O.oa 100.0 118.4m2

Ah 4.51 4.49 162m 0.05 100.0 102.1m2

LShChemistry % dry fuel % ash 140m 0.22 99.7 88.lm2

Si02 1.68 37.24 121m 0.50 99.2 76m2

A1203 1.07 23.73 104m 1.15 98.1 65.6M2

TI02 0.05 1.12 89.9m 1.90 96.2 56.6m2

Fe203 0.76 16.83 77.5m 2.97 93.2 48.8m2

c-so 0.34 7.53 66.9m 3.68 89.5 42.1M2

MgO 0.11 236 57.7m 3.95 85.6 38.3M2

K20 0.08 1.81 49.8m 4.05 81.5 31 .3M2

Na20 0.04 0.81 42.9m 5.55 76.0 27m2

S03 0.30 6.67 37.lm 6.68 69.3 23.3m2

P205 0.00 0.10 32m 7.40 61.9 20.lm2

cl 27.6m 6.90 55.0 17.4m2

Utilemlw 0.08 1.81 23.8m 5.57 49.4 15m2

otal 4.51 100.0 20.5m 4.77 44.7 12.9m2

omrsof Sulfur (%$dry fuef) 17.7m 4.47 40.2 11.1M2

PyTiric 0.21 15.3m 4.70 35.5 9.6rn2

Organic 0.54 13.2m 4.82 30.7 8.3M2

Sulfatic 0.00 11 .4m 4.25 26.4 7.2M2

raction Free Silica 0.04 9.8m 3.62 22.8 6.2m2

ractionPyritic Iron 0.34 8.5m 2.98 19.8 5.3M2

eating Value (Btwlb, dry) 7.3m 2.75 17.1 4.8M2

As Fired 15052 14960 6.3m 2.72 14.4 4rn2

Dulong 15282 15188 5.4m 2.70 11.7 “ 3.4m2

cid Sof. Alkati (ppm) Dry As Rec’d 4.7m 2.50 9.2 3m2

Na 4.lm 2.12 7.0 2.8m2

Mg 3.5m 1.67 5.4 2.2m2

Ca 3m 1.20 42 1.9M2

K 26m 0.92 3.3 1.6M2

usion Temp. “F % 22m 0.87 24 1.4rn2

eduang COndtions 1 .9rrl 0.70 1.7 1 .2m2

Inifiil Deformation 2176 1191 Sue Statistics (Malvem Data Only)

Spherical 2279 1249 Malvern All Data

Hemispherical 2332 1278 DV.5 Volume Mean Dlam. 25.00

fluid 2428 1331 DV.9 90 Y. volume diameter 65.85

xiduing Ccmdfiions owl 10 percentile volume diameter 5.02

Initii OeformatiOm 2366 1297 04,3 30.10

spherical 2395 . 1313 03s Sauter Mean Diameter 11.63

Hemispherical . 2439 . 1337 Span 237

Fluid 2437 1364 Sfxific Surface Area (rnWcc) 0.54

‘These Malvem date am for the -32S mesh size fradiOna.
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Table A.3 Summary of Properties of the Upper F’reeport Coal.

Ilnnar Frtxarmtil-r-. . .-- f----
Anafyses Anafyses

%otimate Dry As Raced Size Distribution Sieves mass % in size bln cum. mass ?

Fixed Carbon 54.40 53.95 dp%OOjun +28 0.00 0.00

Volatile Matter 24.17 23.97 600pmtip>300~m 28x48 2.63 2.63

vfoisture 0.83 300pmAp>l 49pm 48x1OO 7.33 9.97

Jltimate Dry As F&d! 149pmtip>74pm 100?200 20.90 30.87

c 66.46 65.91 74~mtip*~m 200x325 19.53 50.40

H 4.16 4.12 qu-ndp -325 49.60 100.00

0 4.37 4.34 Size Di.srribuiion(Malvem)” Size Distribution (Malvem)”

N 1.48 1.47 Diameter in cum. vol. Diameter % in cum. vol.

s* 2.00 1.99 (pm) size bin per. (yin) size bin per.

cl 0.19 0.19 188m 0.00 100.0 118.4m2

Ash 21.30 21.13 162m 0.00 100.0 102.lm2

\sh Chemistry % dry fuel % ash 140m 0.00 100.0 88.1 m2

sio2 10.93 51.29 121m 0.00 100.0 76m2

A1203 5.16 24.23 104m 0.00 100.0 65.6m2

T02 0.20 0.92 89.9m 0.12 99.9 56.6m2

Fe203 2.85 13.40 77.5m 0.22 99.7 48.8m2

Cao 0.53 2.47 66.9m 0.30 99.4 42.lm2

M@ 0.28 1.30 57.7m 0.93 98.4 X1.3m2

Km 0.65 3.06 49.8m 3.43 95.0 31.3m2

Na20 0.06 0.30 42.9m 5.83 89.2 27m2

S03 0.52 2.42 37.1 m 7.73 81.4 23.3m2

P2Q5 0.03 0.14 32m 8.32 73.1 20.lm2

cl 27.6m 7.37 65.8 17.4m2

Undeterm”k$d 0.13 0.59 23.8m 6.07 59.7 15m2

‘otal 21.33 100.1 20.5m 5.38 54.3 129m2

onns of Suffur(% dty fuef) 17.7m 5.87 48.4 11.lti”

Pylitic 1.49 15.3m 6.38 42.1 9.6m2

Organic 0.48 13.2m 6.03 36.0 8.3m2

Sulfatic 0.11 11.4m 5.12 30.9 72m2

raction Free Silica 0.29 9.8m 3.98 26.9 6.2m2

racfion Pyrific iron 0.65 8.5m 3.42 23.5 5.3m2

bating Value (Btwlb, dry) 7.3m 3.47 20.0 4.8m2

Aa Flrd 11830 11732” 6.3m 3.75 16.3 4m2

Oulong 11987 11888 5.4m 3.60 12.7 3.4m2

dd %f. Alkafi (pm) Dty As Rec’d 4.7m 2.97 9.7 3m2

Na 343 343 4.lm 2.30 7.4 2.8m2

Mg 1208 1208 3.5m 1.68 5.7 2.2m2

Ca 3767 3767 3m 125 4.5 1.9m2

K 2292 2292 2.6m 1.07 3.4 1.6m2

usionTemp. “f ‘w 22m 0.98 24 1.4m2

educing (2mdiiions 1.9m -1.83 0.6 1 .2m2

Initial Deformation 2177 1192 Sie Statistics (Maivem Data Only)

Sphericaf 2317 1269 Malvern All Data

Hemispherical 2376 1302 DV.5 Volume Mean Diam. 16.65

Fluid 2437 1336 DV.9 80 “Avolume diameter 39.58

tidting Conditions Dv.1 10 percentile volume diameter 4.38

Initiil Deformation 2443 1339 04,3 19.93

sphericaf 2513 1378 D3Z Sauter Mean Diameter 9.52
Hemispherical 2548 1398 Span 212
fluid 2604 1429 !%edfk surface Area (rrwcc) 0.57

.

.

%s0 Mafvem data are for the -32S mesh size fradkms
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Table A.4 Summary of Properties of the Mingo Logan Coal.

n lgo Logan
Analyses

roximate

Fixed Carbon

Volatile Matter

Ioisture

Ilimate

c

H

o

N

s

cl

Ash

/vlalyses

fize Distribution

dp>603ym

600pm>dp>300pm

300pmtip>149pm

149pmtip>74pm

74pm>dpti4pm

44umX10

Sieves

+28

28x48

48xIO0

100X200

200x325

-325

0“

cvm. vol.

per.

100.0

100.0

100.0

100.0

100.0

100.0

99.9

98.8

95.6

89.9

82.4

73.5

64.9

57.9

52.1

46.7

40.9

35.0

29.9

25.8

22.6

19.6
16.5

13.3

10.4

8.0

6.2

4.9

3.9

29

21

0.0

Dry

57.53

33.13

As Rec”d mass ‘A in size bln

0.00

0.40

4.75

17.65

19.10

cum. mass’

56.70 0.00

0.40

5.15

22.80

41.90

32.65

1.4

Jz?L
78.14

4.94

5.28

1.29

0.87

0.15

9.34

E!!Y!@
5.14

2.80

0.13

0.60

0.10

0.10

0.27

0.05

0.11

0.01

0.04

9.34

As Rec’d

77.01

4.87

5.20

1.27

0.85

0.15

9.21

% ash

55.07

29.96

1.41

6.38

1.07

1.02

2.91

0.49

1.22

0.09

0.39

100.0

58.10 JJwl
Size Di!

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

22m

1.9m

wtion (Mal

m

size bin

0.00

0.00

0.00

O.ocl

0.00

0.00

0.08

1.13

3.25

5.65

7.50

8.95

8.60

6.95

5.83

5.38

5.78

5.93

5.05

4.10

3.23

3.00

3.10

325

280

2s3

1.80

1.30

1.05

0.98

0.85

2.08

Size Di:

Diameter

(pm)

118.4m2

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.1M2

38.3m2

31.3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1 .2m2

ution (MalJ

% in

size Iin

-

0.

cum. vol.

per.

sh Chemistry

Si02

A1203

T02

Fe203

Cao

MgO

K20

Na20

S03

P205

c1

U1-delermiwd

)tal

)rms of Sutfur (% dry fuet~

Py?itic

Organic

Sulfatic

action Free Silica

0.23

0.64

0.00

0.18

0.48achn Pvritic Iron

Ming Value (BWlb, dq

A Fired

Dulong

~d Sot. Alkali (pPM)

Na

Mg

Ca

K

Ision Temp.

Wuang Condiions

Mtiil Deformation

spherical

Hemispherical

Fluid

odizing Conditions

Initiil Deformatii

spherical

Hemispherical

Fluid

13805

14054

L

‘F

13607

13852

As Rec’d

‘-’c

1428

1442

1451

1473

1445

1463

1471

1486

776

783

788

800

785

795

799

808

Sie Statistics (Malvern Data Only)

Malvern

DV.5 Volume Mean Diam. 19.38

DV.9 90 ‘A volume diameter 43.00

Dv.1 10 percentile volume diameter 4.60

D4,3 21.03

03.2 Sauter Mean Diameter 10.00

span 200

pec+ficSutface kea (rnWcc) 0.62

.

.

All Data

Ttwaa Mafvamdata are forthe-325 meaha&efracMna.
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Table A.5 Summary of Properties of the Pittsburgh #8 (3) Coal.

Pittsburgh #8 (3)

Analvsss I I I.—
koximate Dry As Redd Size Distribution Sieves mass “Ain size bin cam. mass <

Fixed Carbon 52.64 52.06 dpXOOpm +28 0.00 0.00

Volatile Matter 38.22 37.80 600pm >dp>300pm 28x48 2.27 2.27

foisture 1.10 300pm>dp>149pm 48xIO0 4.10 6.37

Iltimate Dry As Ret-d 149pmdp>74pm 100X200 26.17 32.53

c 76.50 75.66 74pmAp~4pm 200x325 22.33 54.87

H 5.07 5.02 44grntip -325 45.13 100.00

0 4.29 4.24 Size Distribution (Malvem)- Size Distribution (Malvem)”

N 1.39 1.38 Diameter ? in cum. vol. Diameter % in

s 3.52 3.48

cam. vol.

(~m) size bin per. (pm) size bin per.

cl 0.09 0.09 188m 0.31 99.7 118.4m2

Ash 9.01 8.91 162m 0.83 98.9 102.1 m2

sh Chemistry % dry fuel % ash 140m 1.24 97.6 88.lm2

Si02 3.53 39.16 121m 1.59 96.0 76m2

AJ203 1.74 19.31 104m 1.70 84.3 65.6m2

T02 0.08 0.84 89.9m 1.91 92.4 56.6m2

Fe203 2.48 27.53 77.5m 2.24 90.2 48.8m2

Cao 0.41 4.56 66.9m 2.69 87.5 42.lm2

M@ 0.08 0.84 57.7m 3.26 84.2 38.3m2

K20 0.11 1.18 49.8m 4.84 79.4 31 .3m2

Ns20 0.08 0.87 42.9m 6.24 73.2 27m2

S03 0.37 4.08 37.1 m 7.04 66.1 23.3m2

P205 0.03 0.34 32m 6.28 59.9 20.1 m2

c1 27.6m 4.81 55.0 17.4m2

UI@Xmiwd 0.11 1.25 23.8m 4.35 50.7 15m2

>tal 9.01 100.0 20.5m 4.58 48.1 12.9m2

)flTsSOf ‘8uffuf (% dry fuaf) 17.7m 4.74 41.4 11.lrn2

Pyl-ific 2.07 15.3m 4.61 36.8 9.6m2

Organic 1.42 13.2m 4.15 32.6 8.3m2

Suifatic 0.03 11.4m 3.74 28.9 72m2

action Free Silica 0.26 9.8m 3.39 25.5 6.2m2

action Pyritic Iron 0.61 8.5m 3.16 22.3 5.3m2

Aing Value (f3turlb, dry) 7.3m 3.01 19.3 4.8m2

As Fired 13728 13577 6.3m 299 16.3 4m2

Dulong 13523 13374 5.4m 2.96 13.4 3.4m2

id Sol. Afkali (ppm) Dry As Rec’d 4.7m 2.73 10.6 3m2

Na 4.lm 214 8.5 2.8m2

Mg 3.5m 1.68 6.8 2.2m2

Ca 3m 1.30 5.5 1.9m2

K 2.6m 1.16 4.4 1.6m2

sbn Temp. ‘F ~ 22m 1.11 3.3 1.4m2

duang COndiiions 1.9m 2.38 0.9 1.2m2

fnitiil Deformation 1984 1085 Siie Statistics (Mafvem Data Only)

spherical 2020 1104 Malvern All Data

Hemispherfcaf 2080 1136 DV.5 Volume Mean Diam. 25.04

Fluid 2245 1229 DV.9 90% volume diameter 63.86

idizing Conditions Dv.1 10 percentile volume diameter 4.51

Initial Deformation 2387 1308 04,3 30.11

Spherfcel 2446 1342 03,2 Sauter Mean Diameter 10.70

Henrkpherfcef 2496 ‘“ 1369 span

%d 2542 1394 s Deafi. c Surface Area hwkd 0.66

.

.

Theee Mafvemdata am forthe-32S rneahsfze~
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Table A.6 Summary of Properties of the Illinois #6 (3) Coal.

.

Illinois #6(3)
Anafvses I ArUti I..— —

‘roximate Dly As We’d Size D@ribulion Sieves mass % in size bln cum. mass ?

Fixed Carbon 58.15 56.51 dp%03prn +28 0.00 0.00
Volatile Matter 36.24 3522 60QImAp>300p m 28x48 0.15 0.15

Aoisture 2.81 300ymXip>149pm 4axloo 2.50 2.65

JItimate Dry As Rec’d 149pmtip>74pm 100s200 14.10 16.75

c 78.18 75.98 74pmtipXw#In 200x325 19.75 36.50
H 5.02 4.87 XAp -325 63.50 100.00

0 8.25 8.02 Size Dktribution (Malvem~ Size Distribution (Malvem)”

N 1.62 1.57 Diameter “k in cum. vol. Diameter ? in cum. vol.

s 0.95 0.92 (pm) size bh per. (pm) size bin per.

c1 0.38 0.37 188m 0.00 100.0 118.4m2

&h 5.62 5.46 162m 0.08 99.9 102.1 m2

sh Chemistry “Adry fuel “k ash 140m 0.10 99.8 88.lm2

sio2 2.98 53.00 121m 0.10 99.7 76m2

A1203 1.36 24.18 104m 0.10 99.6 65.6m2

T~ 0.07 1.28 89.9m 023 99.4 56.6m2

Fe203 0.64 11.44 77.5m 1.20 98.2 48.8m2

Cao 0.12 2.19 66.9m 2.95 95.3 42.1 m2

M@ 0.06 1.03 57.7m 5.40 89.9 38.3M2

K20 0.13 2.39 49.8m 7.88 82.0 31 .3m2

Na20 0.14 2.41 42.9m 8.90 73.1 27m2

S03 0.11 2.00 37.lm 9.13 64.0 23.3M2

P205 0.01 0.24 32m 8.13 55.8 20.1 m2

c1 27.6m 6.55 49.3 17.4m2

Undetermined -0.01 -0.17 23.8m 5.85 43.4 15m2

otal 5.62 100.0 20.5m 5.70 37.7 129M2

orms of Suffur (% dry fuel) 17.7m 5.73 32.0 11.1M2

Pyitic 0.36 15.3m 5.38 26.6 9.6m2

Organic 0.57 13.2m 4.33 22.3 8.3M2

Suffatic 0.02 11.4m 3.58 18.7 7.2m2

ractii Free Silica 0.32 9.8m 2.98 15.8 6.2m2

factionPyrftic Iron 0.70 8.5m 2.70 13.1 5.3M2

eatingValue (Btu/lb, dy) 7.3M 253 10.5 4.8M2

As Fifed 14516 14108 6.3m 2.30 82 4m2

Dukmg 13879 13489 5.4m 2.03 62 3.4M2

CMSol. Alkali (ppm) DV As Rec’d 4.7m 1.78 4.4 3m2

Na 4.lm 123 3.2 2.8M2

Mg 3.5m 1.08 2.1 2.2M2

Ca 3m 0.70 1.4 1.9m2

K 2.6m 0.48 1.0 1.6M2

Jsion Temp. ‘F % 22m 0.35 0.6 1.4M2

educingConditions 1 .9m 0.73 -0.1 1.2M2

Initiat Deformation 1081 583 S&e Statistics (Malvem Data Only)

spherfcal 1183 639 Malvern All Data

Hemispherical 1228 664 DV.5 Volume Mean Diam. 24.13

fluid 1271 688 DV.9 90% volume diameter 49.83

xidizingConditions Dv.1 10 percentile volume diameter 6.08

InitialDeformation 1232 666 D4,3 27.03

Spherfcal 1258 661 D3,2 Sauter Mean Diameter 13.40

Hemispherical 1280 693 Span 1.80

Ffuii 1308 .709 3oeci6c Surface Area (rrWcc) 0.45

7hese Mafvemdata am forthe-325 meehskefmdions.
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Table A.7 Summary of Properties of the Pittsburgh #8 (2) Coal.

Pittsburgh #8 (2)

A.alvcPc I I A.. hrc.a. I. . .-.,--- . ..”..-..

Proximate Dry As Rec’d Size Distribution Sieves mass 0/’ in size bin cum. mass

Fixed Carbon 56.87 55.92 dp%03pm +28 0.00 0.00

Volatile Matter 36.58 35.97 5@m>dp>300pm 28x48 0.27 0.27

Moisture 1.67 W3~m>dp>149pm 48x1OO 1.40 1.67

Ultimate Dry As Rec”d l-49ymxlp>74ym 1OOX200 27.83 29.50

c 78.62 77.31 74pmApti.@m 200x325 30.83 60.33

H 5.14 5.06 44pmAp -325 39.67 100.00

0 6.51 6.41 Size Distribution (Malvem)- Size Distribution (Malvem)-

N 1.50 1.48 Diameter ?, in cum. vol. Diameter % in

s 1,57 1.54

cum. vol.

(pm) size bin per. (~m) size bin per.

cl 0.10 0.09 188m 0.00 100.0 118.4m2 0.08 99.9

Ash 6.63 6.51 162m 0.00 100.0 102.1 m2 0.15 99.9

\sh Chemistry % dry fuel ‘A ash 140m 0.00 100.0 88.lm2 0.18 99.8

Si02 3.16 47.70 121m 0.00 100.0 76m2 0.13 99.9

A1203 1.60 24.08 104m 0.00 100.0 65.6M2 1.33 98.7

Tio2 0.07 1.05 89.9m 0.25 99.8 56.6M2 5.30 94.7

Fe203 1.11 16.81 77.5m 0.40 99.4 48.8m2 9.88 90.1

Cao 0.23 3.46 66.9m 0.35 99.0 42.lm2 11.45 88.6

M@ 0.06 0.84 57.7m 1.05 98.0 38.3m2 10.03 80.0

K20 0.12 1.75 49.8m 5.35 92.6 31 .3m2 8.03 92.0

Na20 0.03 0.45 42.9m 9.45 83.2 27m2 8.00 92.0

S03 0.20 2.99 37.lm 12.60 70.6 23.3m2 8.88 91.1

P205 0.04 0.62 32m 11.95 58.6 20.1m2 7.23 92.8

c1 27.6m 8.55 50.1 17.4m2 4.43 95.6

undatemliled 0.01 0.23 23.8m 6.60 43,5 15m2 3.70 96.3

‘otal 6.62 100.0 20.5m 6.00 37.5 12.9M2 4.40 95.6

‘orms of Sulfur (% dry fuel) 17.7m 6.35 31.1 11.lm2 3.90 96.1

Pyrific 0.69 15.3m 6.40 24.7 9.6m2 2.88 97.1

Organic 0.82 13.2m 5.25 19.5 8.3M2 1.63 98:4

Sutfatic 0.05 11 .4m 4.05 15.4 7.2M2 1.45 98.6

raction Free Silica 0.24 9.8m 2.85 12.6 6.2m2 1.50 98.5

ration Pyritic Iron 0.74 8.5m 2.25 10.3 5.3m2 1.33 98.7

[eating Value (Btwlb, dry) 7.3m 2.00 8.3 4.8m2 1.20 98.8

As Fired 13994 13761 6.3m 1.80 6.5 4m2 0.93 99.1

Dulong 14184 13947 5.4m 1.65 4.9 3.4m2 0.88 99.1

cid Sol. Atlrafi (ppm) Dry As Rec’d 4.7m 1.35 3.5 3m2 0.70 99.3

Na 4.lm 0.90 2.6 2.8m2 0.30 99.7

Mg 3.5m 0.80 1.8 2.2m2 0.13 99.9

Ca 3m 0.50 1.3 1 .9m2 0.00 100.0

K 2.6m 0.35 1.0 1.6m2 0.05 100.0

usion Temp. OF % 2.2m 0.25 0.7 1 .4m2 0.00 100.0

eduang Candtiions 1 .9m 0.55 0.2 1 .2m2 o.tX) 100.0

Initial Deformation 2109 1154 Sue statistics (Malvern Data only)

Spherical

Hemispherical

fluid

xidizing Conditions

Initial Deformation

spherical

Hemispherical

fluid

2268
. .

1242 Malvern All Data

2383 1306 DV.5 Volume Mean Dmm. 24.78

2481 1360 Dv.9 90 ‘YOvolume diameter 44.78

Dv.1 10 percentile volume diameter 18.55

2472 1356 D4,3 25.52

2519 1382 D3,2 Sauter Mean Diameter 14.80

2550 1399 Span 1.48

2604 1429 SPea Xc Suriace Area h03/cc) 0.39
These h4aivem date are for the -326 mesh size fractions.
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Table A.8 Summary of Properties of the Massey Sprouce Coal.

Anatyses

~roximale

Fixed Carbon

Volatile Matter

Moisture

Jltimate

c

H

o

N

s

cl

Ash

k.h Chemistry

Si02

A1203

-IW2

Fe203

Ceo

MgO

K20

Ns20

S03

P205

c1

U*termrned

‘otal

Dry

56.99

34.68

2.2

D~

77.89

5.04

6.26

1.43

1.05

8.33

% dry fuel

4.61

2.18

0.10

0.97

0.12

0.07

0.19

0.02

0.15

0.01

-0.09

8.33

As Rec’d

55.69

33.89

As Rec’d

76.11

4.93

6.12

1.40

1.03

8.14

% ash

55.35

26.22

1.23

11.62

1.42

0.86

2.28

0.29

1.76

0.08

-1.11

100.O

‘orms of Suffur (% dry fuel)

Pyrific 0.49

Organic 0.53

Sulfatic 0.03

raction Free Sitice 0.29

reclion Pyntic Iron 0.63

Ieating Value (Btu/lb, dry:

As Fired

Dulong

cid Sol. Alkali (ppm)

Na

Mg

Ca

usion Temp.

educing Condtions

Initial Deformation

Spherical

Hemispheric

Fluid

Itidizing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

“F

-

13454

13692

As Rec’d

%

Massey Sprou
Analyses

;ize Distribution

dp>603pm

600~m>dp>300~

330pm>dp>149~

149pmtip>74pm

74pmdp>44pm

44ym>dp

Size Di:

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

wtion (Mal

in

size bin

:e

Sieves

+28

28x48

48x1OO

100X200

200x325

-325

0.

cum. vol.

per.

mass % in size bin
E

___l-
Size Distribution (Mal

Diameter

(pm)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6KQ

48.8m2

42.1 m2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3M2

4.8M2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1 .2m2

Size Statistics (Malvem Data Only)

.-
“/’ in

size bin

Malvern

DV.5 Volume Mean Diam.

DV.9 90 ?’. volume diameter

Dv.1 10 percentile volume diameter

D4,3

D3,2 Sauter Mean Diameter

Span

1).

cum. vol.

per.

All Data

I

7hese Matvem date are for the -325 mesh size fractions.
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Table A.9 Summary of Properties of the Eastern Kentucky Coal.

Analyses

%oxim ate

Fixed Carbon

Volatile Matter

kfoisture

Jltimate

c

H

o

N

s

cl

Ash

\sh Chemistry

Si02

A1203

T02

Fe203

Cao

M@

K20

Na20

S03

P205

cl

Uncfdermnwl

otal

ZEE
1.3

Dry

74.82

4.97

7.57

1.46

0.97

0.09

10.15

&l!Q
5.86

3.09

0.21

0.49

0.12

0.04

0.10

0.02

0.13

0.01

0.09

10.15

As Rec”d

73.80

4.90

7.47

1.44

0.96

0.09

10.02

% ash

57.67

30.39

2.06

4.83

1.15

0.41

0.99

0.17

1.28

0.13

0.91

100.0

orms of Sutfur (% dry fuel~

w
raction Pyritic 1ron I 0.78

eating Value (Btwlb, dry:

As Fired

Dulong

tid Sol. Alkali (ppm)

Na

Mg

Ca

K

mien Temp.

educing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

xidizing conditions

InitialDeformation

spherical

Hemi+herical

fluid
—.. . . . .

13226

13418

J!!!L

2949

2980

2992

3000

2960

2996

3000

13046

13235

As Rec’d

T

1620

1638

1644

1649

1627

1647

1649

1649

Eastern Kentucky
Analyses

T

Jze D@ibution Sieves

dp>600pm +28

600yrntip>3CO~m 28x48

LWO#m>dp>149pm 48x1OO

149pm>dp>74pm 100X2OC

74gmtipti4pm 200x32:

eymxtp -325

Size Di!

D“iameier

(~m)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13.2m

11.4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

wtion (Mal

in

size bin

0.00

0.05

0.05

0.05

0.05

0.18

0.63

1.48

298

5.85

8.43

9.73

9.08

7.48

6.40

5.73

5.35

5.30

4.95

4.18

3.33

2.75

2.50

2.48

2.43

2.13

1.65

1.35

0.93

0.65

0.58

0.60

1).

cum. vol.

per.

100.0

100.0

99.9

99.9

99.8

99.6

99.0

97.5

94.6

88.7

80.3

70.6

61.5

54.0

47.6

41.9

36.5

31.2

26.3

22.1

18.8

16.0

13.5

11.1

8.6

6.5

4.9

3.5

2.6

1.9

1.4

08-

T
mass “/0in size bin cum. mass

0.00 0.00

0.05 0.05

1.43 1.48

32.50 33.98

30.15 64.13

35.88 I 100.00

Size Di!

Diameter

(~m)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9rn2

1.6m2

1.4m2

1 .2m2

wtion (Malvem).

% in

size bin

0.05

0.13

0.15

0.23

1.98

5.58

9.70

10.70

8.63

6.40

6.98

8.98

7.55

4.28

3.30

4.13

4.35

3.90

2.40

1.63

1.68

1.78

1.60

1.40

1.15

0.93

0.45

0.15

0.00

0.00

0.00

0.00

Sie Statistics(Mahrern Data Only)

Malvern

DV.5 Volume Mean Diam. 23.48

DV.9 9070 volume diameter 47.54

Dv.1 10 percentile volume diameter 6.28

D4,3 25.23

D3,2 Sauter Mean Diameter 13.04

Span 1.75

cum. vol.

per.

100.0

99.9

99.9

99.8

98.0

94.4

90.3

89.3

91.4

93.6

93.0

91.0

92.5

95.7

96.7

95.9

95.7

96.1

97.6

98.4

98.3

98.2

98.4

98.6

98.9

99.1

99.6

99.9

100.0

100.0

100.0

100.0

All Data

mcific Surface Area (mWcc) 0.45

.

- I nese MWWfI data are fOr the -326 mesh size fractkx’is.
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Table A.1O Summary of Properties of the Pittsbugh #8 (1) Coal.

,

Pittsburgh #8 (1)
Analvses I Analvses I.-

‘roximate Dry As Rec’d Size Distribution Sieves mass % in size bin cum. r

Fixed Carbon 49.16 48.66 dp>600~m +28 0.00 0.
Volatile Matter 40.16 39.75 600pm>dp>3CK)#m 28x48 0.20 0.

loisture 1.02 300pm>dp>149pm 48x1OO 0.80 1.

Jltimate Dry As Rec’d 149pm>dp>74pm 100X200 22.10 23

c 71.51 70.78 74pm>dp>44pm 200x325 34.80 57

H 5.03 4.98 44pm>dp -325 42.10 10(

o 6.76 6.69 Size Distribution (Malve m)” Size Distribution (Malve m)”

N 1.24 1.23 Diameter 0 , in cum. vol. Diameter 0/0in cum

s 4.78 4.73 (pm) size bin per. (yin) size bin P

cl 188m 118.4m2

Ash 10.68 10.57 162m 102.1 m2

,sh Chemistry % dry fuel “A ash 140m 88.lm2

Si02 4.42 41.40 121m 76m2

A1203 2.19 20.51 104m 65.6m2

TI02 0.10 0.89 89.9m 56.6m2

Fe203 3.10 29.03 77.5m 48.8m2

CaO 0.22 2.07 66.9m 42.lm2

M@ 0.08 0.78 57.7m 38.3m2

K20 0.18 1.73 49.8m 31.3m2

Na20 0.04 0.40 42.9m 27m2

S03 0.25 2.33 37.1 m 23.3m2

P205 0.02 0.15 32m 20.lm2

cl 27.6m 17.4m2

Undalermkwi 0.08 0.71 23.8m 15m2

‘otal 10.68 100.0 20.5m 12.9m2

orms of Sulfur (% dry fuel) 17.7m 11.lm2

Pyrific 1.81 15.3m 9.6m2

Organic 2.82 13.2m 8.3m2

Sultatic 0.15 11 .4m 7.2m2

raction Free Silica 0.26 9.8m 6.2m2

racfion Pynticlron 0.73 8.5m 5.3m2

Ieating Value (BtuJlb, dry) 7.3m 4.8m2

As fired 13004 12871 6.3m 4m2

Dulong 13190 13055 5.4m 3.4m2

cid Sol. Alkali (ppm) Dry As Rec’d 4.7m 3m2

Na 4.lm’ 2.8m2

Mg 3.5m 2.2m2

Ca 3m 1.9m2

K 2.6m 1.6m2

usion Temp. “F % 2.2m 1 .4m2

educing (hrditiona 1 .9m 1 .2m2

Initial Deformation 1917 1047 Size Statistics (Malvern Data Only)

Spherical 1980 1082 Malvern All [

Hemispherical 2154 1179 DV.5 Volume Mean Diam.

Fluid 2232 1222 DV.9 90 Y. volume diameter

lxidizing Conditions Dv.1 10 percentile volume diameter

Initial Deformation 2438 1337 D4,3

Spherical 2502 1372 D3,2 Sauter Mean Diameter

Hemispherical 2518 1331 Span

Ffuid 2532 1389 Srmcific Surface Area (mWcc)

7_heae Malvem data are for the -325 mesh size fractions.
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Table All Summary of Properties of the Utah Blind Canyon Coal.

31ind Canyon
Analyses

;ize Distribution Sieves

dp>600ym +28

600ym>dp>30Qym 28x48

300ym>dp>149pm 48X1OO

149pm>dp>74ym 100X200

74pm>dpA4pm 200x325

44pmAp -325

Analyses

%oximate

Fixed Carbon

Volatile Matter

kfoisture

Jltimate

c

H

o

N

s

cl

Ash

lsh Chemistry

Si02

A1203

TI02

Fe203

Cao

MgO

K20

Na20

S03

P205

cl

Undetemmed

‘otal

mass “/. in size bin cum. mass <

0.00 0.00

0.33 0.33

5.90 6.23

24.90 31.13

21.43 52.57

47.43 100.00

3.2,

Dry

72.62

5.50

9.57

1.33

0.46

0.04

10.51

.

.

As Rec’d

70.27

5.32

9.26

1.29

0.44

0.04

10.17

Size Di:

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

wtion (Mah

in

size bin

0.00

0.00

0.00

0.00

0.00

0.08

0.28

0.63

1.35

3.68

7.55

9.68

9.13

7.45

6.28

5.78

5.93

6.05

5.50

4.60

3.68

3.15

3.00

2.95

2.78

2.35

1.70

1.45

1.05

0.88

0.83

1.20

1)’

cum. vol.

per.

100.0

100.0

100.0

100.0

100.0

99.9

99.7

99.0

97.7

94.0

86.5

76.8

67.7

60.2

53.9

48.2

42.2

36.2

30.7

26.1

22.4

19.3

16.3

13.3

10.5

8.2

6.5

5.0

4.0

3.1

2.3

1.1

Size Dis

Diameter

(~m)

118.4m2

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9M2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1 .2m2

wtion (Malv

% in

size btn

l)”
cum. vol.

per.

“/. dry fuel

6.06

1.92

0.10

0.43

0.64

0.19

0.12

0.45

0.48

0.03

0.06

10.51

%ash

57.69

18.32

0.96

4.11

6.13

1.84

1.16

4.32

4.57

0.33

0.58

100.0

‘orms of Sulfur (% dry fuel) I 17.7*

Pyrific 0.08

Organic 0.37

Sulfatic 0.00

‘raction Free Silica 0.52

“ractionPyritic Iron 0.24

15.3m

13.2m

11.4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

Ieating Value (Btu/lb, d~

As Fired

Dulong

ad Sol. Alkali (ppm)

Na

Mg

Ca

13108

13247

&

Oc

12684

12819

As Rec’d

usion Temm

Ieducing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

bddizing Conditions

Initial Deformation

spherical

Hemispherical

fluid

‘K

1192

1230

1298

1449

1216

1241

1316

1468

,
2178

2246

2369

2641

2220

2265

2400

2675

Size Statistics (Malvern Data Only)

Malvern

DV.5 Volume Mean Diam. 20.25

DV.9 90% volume diameter 42.45

Dv.1 10 percentile volume diameter 4.95

D4,3 22.58

D3,2 Sauter Mean Diameter 10.88

Span 1.88

petit Surface Area (rrP3/cc) 0.58

All Data

—. .
- I heae Malvem data are fOr the -325 mesh Size fmclions.
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Table A.12 Summary of Properties of the Kentucky #11 Coal.

Analyses

aroximate

Fixed Carbon

Volatile Matter

Moisture

Jltimate

c

H

o

N

s

c1

Ash

\sh Chemistry

Si02

A1203

T02

Fe203

Cao

M@

Kzo

Ns20

S03

P205

c1

Undetefmi-ad

otal

orms of Sulfur (% dry fuel)

Kentuckv #11

=5-H?%’
34.97 33.60

3.9

Dry

59.15

4.44

8.25

1.16

4.78

0.03

22.15

% dry fuel

10.14

4.06

0.19

4.70

0.95

0.24

0.48

0.08

1.02

0.04

0.02

0.23

22.16

As Rec’d

56.84

4.26

7.93

1.11

4.60

0.03

21.28

% ash

45.76

18.33

0.84

21.23

4.30

1.11

2.17

0.36

4.61

0.20

0.09

1.02

100.0

Pylitic 2.99

Organic 1.59

Sulfatic 0.20

raction Free Silica 0.40

racfion Pyrftic Iron 0.80

ieating Value (Btu/lb, dry

As f%ed

Dulong

\cid SOL Alkali (ppm)

Na

Mg

Ce

K

‘usion Temm

Ieduang Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

)xidizing Conditions

InitialDeformation

Sphericaf

Hemiapherfcaf

fluid
—.

10524

10909

L
400

1037

4981

3578

‘F

2238

2270

2310

2352

2314

2354

2404

2446

10112

10482

As Rec’d

4CKr

1037

4981

3578

%

1226

1243

1266

1289

1268

1290

1318

1341

.
Analyses

;ize Distribution

dp>6@3pm

600ym>dp>300pm

3@3Um>dp>149pm

149ym>dp>74~m

74pm>dpA4pm

qlsm.dp

Size Di:

Diameter

(~m)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

wtion (Mal

in

size bin

0.00

0.00

0.00

0.00

0.00

0.15

0.45

0.80

1.60

3.85

6.65

9.55

9.90

8.15

6.85

6.20

6.20

6.35

5.70

4.75

3.50

2.90

2.80

2.75

2.60

2.20

1.55

1.15

0.85

0.70

0.55

1.25

Sieves

+28

28x48

48x1OO

100X200

200x325

-325

0“

cum. vol.

per.

100.0

100.0

100.0

100.0

100.0

99.9

99.4

98.6

97.0

93.2

86.5

77.0

67.1

56.9

52.1

45.9

39.7

33.3

27.6

22.8

19.3

16.5

13.6

10.9

8.3

6.1

4.5

3,4

2.5

1.8

1.3

0.0

mass “b in size bin

0.00

0.20

2.70

15.40

22.70

59.00

Size Dis

Diameter

(pm)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1 .9m2

1.6m2

1.4m2

1;2m2

wtion (Mal,

% in

size bin—,

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 19.55

DV.9 90 Ye volume diameter 39.75

Dv.1 10 percentile volume diameter 5.20

D4,3 21.75

D3,2 Sauter Mean Diameter 11.25

Span 1.80

um. mass’

0.00

0.20

2.90

18.30

41.00

100.00
)).

cum. vol.

per.

All Data

- I nese Malvem data are for the -325 mesh size fmdion.s.
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Table A.13 Summary of Properties of the Illinois #6 (2) Coal.

Illinois #6 (2). . . . ..—.—
\—!

Analyses Analyses

‘roximate Dry As Rec’d Size Distribution Sieves mass “Ain size bin cum. mass’

Fixed Carbon 48.34 46.30 dp>60@m +28 0.00 0.00

Volatile Matter 39.46 37.79 600ym>dp>300Km 28x48 0.00 O.OQ

fioisture 4.22 300~m>dp>149pm 48x1OO 1.78 1.78

Iltimate Dry As Rec’d 149pm>dp>74pm 100X200 25.20 26.98

c 68.12 65.24 74pm>dp>44pm 200x325 25.88 52.85

H 4.74 4.54 44pm>dp -325 47.15 100.00

0 9.91 9.49 Size Distribution (Malvem)” Size Distribution (Malvem)”

N 1.22 1.17 Diameter ?, in cum. vol. Diameter 0/0in cum. vol.

s 3.72 3.57 (pm) size bin per. (pm) size bin per.

c1 0.08 0.08 188m 0.00 100.0 118.4m2

Ash 12.21 11.69 162m 0.02 100.0 102.1 m2

sh Chemistry % dry fuel % ash 140m 0.07 99.9 88.1m2

Si02 5.94 48.66 121m 0.08 99.8 76m2

A1203 2.20 18.00 104m 0.08 99.8 65.6m2

TI02 0.11 0.87 89.9m 0.08 99.7 56.6m2

Fe203 2.23 18.31 77.5m 0.42 99.3 48.8m2

Cao 0.58 4.78 66.9m 1.72 97.5 42.lm2

M@ 0.12 1.02 57.7m 3.88 93.7 38.3m2

K20 0.25 2.08 49.8m 6.70 87.0 31.3m2

Na20 0.12 1.02 42.9m 9.10 77.9 27m2

S03 ‘ 0.55 4.53 37.lm 9.83 68.0 23.3m2

P205 0.03 0.21 32m 9.15 58.9 20.lm2

cl 27.6m 7.75 51.1 17.4m2

Undelermhed 0.12 0.94 23.8m 6.55 44.6 15m2

otal 12.26 100.4 20.5m 5.88 38.7 12.9m2

ormsof Sutfur @ dry fuel) 17.7m 5.65 33.0 11.lm2

Pyritic 1.06 15.3m 5.38 27.7 9.6m2

Organic 2.21 13.2m 4.70 23.0 8.3m2

Suffatic 0.54 11 .4m 3.73 19.2 7.2m2

recfion Free Silica 0.45 9.8m 2.95 16.3 6.2m2

faction Pyrific Iron 0.44 8.5m 2.52 13.8 5.3m2

eating Value (Btu/lb, dry) 7.3m 2.32 11.4 4.8m2

As Fired 12059 11550 6.3m 2.18 9.3 4m2

Dulong 12228 11712 5.4m 2.07 7.2 3.4m2

cid Sol. Alkali (ppm) Dry As Rec’d 4.7m 1.75 5.4 3m2

Na 4.lm 1.38 4.1 2.8m2

Mg 3.5m 1.07 3.0 2.2m2

Ce 3m 0.85 21 1.9m2

K 2.6m 0.58 1.6 1.6m2

Jsion Temp. “F % 2.2m 0.42 1.1 1.4m2

educing C%ndfiions 1 .9m 0.50 0.6 1.2m2

Mat Deformation 1996 1091 Size Statistics (Malvem Data Only)

Spherical 2054 1123 Malvern All Data

Hemispherical 2177 1192 DV.5 Volume Mean Diam. 25.65

Fluid 2367 1297 DV.9 90 ‘YOvolume diameter 50.57

xidizing conditions Dv.1 10 percentile volume diameter 6.52

fnifialDeformation 2291 1255 D4,3 27.65

spherical 2331 1277 D3,2 Sauter Mean Diameter 13.97
Hemispherical 2360. 1293 Span 1.73
Fluid 2480 1360 s t)eafic Surface Area WIWcc) 0.44

.

,

These Mafvem data are for the -325 mesh size fractions.
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Table A.14 Summary of Properties of the SOAP.

Spheri I Oil Agglomerate

Analyses

‘roxim ate

Fixed Carbon

Volatile Matter

Analyses

;ize Distribution

dp>6Wpm

600pmxip>300pm

200pm>dp>149pm

149pmxlp>74ym .

74~%p>44~m

qu-mdp

mass % in size bin cum. mass

0.27 0.27

23.40 23.67

6.57 30.23

3.77 34.00

1.80 35.80

64.20 100.00

Dry

53.04

42.98

11.1

J!!L-
74.63

5.21

11.86

1.20

3.07

0.06

3.99

-
1.25

0.66

0.08

1.52

0.11

0.04

0.07

0.04

0.15

0.01

0.05

3.98

As Rec’d

47.15

38.20

Sieves

+28

28x48

48x1OO

100X200

200x325

-325

1)”

cum. vol.

per.

100.0

100.0

100.0

100.0

10Q.O

100.0

100.0

100.0

100.0

100.0

99.9

99.3

98.4

96.4

92.6

87.4

81.2

74.0

66.2

57.8

49.5

41.7

34.8

28.2

22.1

16.5

12.1

8.9

6.7

4.9

3.5

0.9

doisture

Jltimate As Rec”d

c

H

o

N

s

c1

Ash

66.34

4.63

10.54

1.06

2.73

0.05

3.54

% ash

31.44

16.66

2.09

38.03

2.72

1.06

1.86

1.02

3.66

0.14

1.26

99.9

Size Di

Diameter

(~m)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

Iution (Malv

in

size bin

0.00

0.00

O.(M

0.00

0.00

0.00

0.00

0.00

0.02

0.03

0.10

0.53

0.92

2.05

3.80

5.17

6.22

7.15

7.83

8.40

8.33

7.73

6.95

6.53

6.18

5.53

4.47

3.17

2.23

1.73

1.43

2.58

Size Dti

Diameter

(pm)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.1 m2

38.3m2

31.3m2

27m2

23.3m2

20.1 m2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

ution (Malt

% in

size bin

1)”

cum. vol.

per.

\sh Chemistry

Si02

A1203

lir2

Fe203

Ceo

M@

K20

Na20

S03

P205

c1

Urdterrniwd

“otal

orms of Sulfur (% dry fuel) I 17.7rn

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

rection Pyrftic Iron I 0.02

eating Value (Btu/lb, d~

Aa Fired

Dulong

cid Sol. Alkali (ppm)

Na

Mg

Ce

K

usion Temp.

educing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

XMzing Conditions

Initial Defomration

Spherical

Hemispherical

Fluid

13656

13289

A

OF

12139

11813

As Rec’d

T

1153

1236

1284

1312

1339

1388

1409

1426

2108

2257

2344

2394

2442

2531

2569

2600

Sue Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 8.98

DV.9 90 ?’0volume diameter 19.92

Dv.1 10 percentile volume diameter 3.40

D4,3 10.42

03,2 Sauter Mean Diameter 6.47

Span 1.85

All Data

@cific Surfau Area (mA3/cc) 0.83

~e~ Mafvem date are for the -325 mesh size fractions.
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Table A.15 Summary of Properties of the Kentucky #9 Coal.

Analyses

‘roximate

Fixed Carbon

Volatile Matter

~oisture

Iltimate

c

H

o

N

s

cl

Ash

sh Chemistry

Si02

A1203

T02

Fe203

Cao

M@

K20

Na20

S03

P205

c1

Undeterrniwd

otal

onns of Suffur (Yo dty fuel

Pyritic

Organic

Sulfatic

racfion Free Silica

ractionPyntic Iron

eating Value (Btu/lb, dry)

As Firad

Dulong

ad Sol. Alkefi (ppm)

Na

Mg

Ca

usion Temp.

educing Conditions

Initial Deformation

Spherical

Hemispherical

Ffuid

xidizing Conditions

Initial Deformation

spherical

Hemispherical

Fluid

Dry

46.77

37.56

7.3

Dry

64.85

4.60

922

1.61

4.00

0.06

15.64

% dry fuel

7.12

3.08

0.15

3.61

0.50

0.16

0.39

0.14

0.57

0.02

0.03

-0.12

15.65

As Rec”d

43.34

34.80

Aa Rec’d

60.09

4.26

8.55

1.49

3.71

0.05

14.49

% ash

45.54

19.71

0.98

23.09

3.22

1.05

2.47

0.87

3.62

0.14

0.17

-0.77

100.1

1.70

1.89

0.41

0.34

0.59

11611

15493

Q!l-
694

830

2835

2225

‘F

1979

2041

2170

2339

2323

2414

2469

2526

10759

14356

As Rec’d

694

830

2835

2225

%

1082

1116

1188

1282

1273

1323

1354

1385

Analyses

;ize Distribution

dp>600pm

600pm>dp>300pm

300pm>dp> 149yrn

149pm+p>74pm

74pmtip>44pm

44~mAp

Size Dis

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

ution (Malv

In

size bin

0.00

0.00

0.02

0.03

0.02

0.07

0.33

1.23

2.92

5.38

7.83

9.22

9.33

8.38

7.28

6.35

5.83

5.72

5.37

4.45

3.48

2.80

2.42

2.28

2.13

1.85

1.47

1.15

0.87

0.57

0.38

0.37

Sieves

+28

28x48

48x1OO

100X200

200x325

-325

O“

cum. vol.

per.

100.0

100.0

100.0

100.0

99.9

99.9

99.5

98.3

95.4

80.0

82.2

73.0

63.6

55.2

48.0

41.6

35.8

30.1

24.7

20.2

16.8

14.0

11.5

9.3

7.1

5.3

3.8

2.7

1.8

1.2

0.8

0.5

mass % in size bin

0.00

0.13

2.05

13.98

24.60

59.25

Size Dist

Diameter

(pm)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9rn2

11.lnw

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1,6m2

1.4rn2

1 .2m2

Sie Statistics (Malvern Data Only)

mtion (Malv

0/0in

size bin

Malvern

DV.5 Volume Mean Diam. 23.57

DV.9 90 Y. volume diameter 47.35

Dv.1 10 percentile volume diameter 6.53

D4,3 26.15

D3,2 Sauter Mean Diameter 13.80

Span I.n

pecific Surface Area OwWlcd 0.44

um. mass <

0.00

0.13

2.18

16.15

40.75

100.00

0“

cum. vol.

per.

All Data

,

,

*

I%ese Malvem data are for the -326 mash size fractions.
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Table A.16 Summary of Properties of the Hanna Basin Coal.

mna Basin

;ize Distribution Sieves

dpMWOyrn +28

600pmdp>300pm 28x48

300yrntip>149pm 48x1 00

149prndp>74Lm 100X200

74prntip*ym 200x325

qlrm-dp -325

=F=’
Analyses

‘roximate

Fixed Carbon

Volatile Matter

fioisture

Iltimate

c

H

o

N

s

cl

Ash

T
mass % in size bin cum. mass <

0.00 0.00

0.00 0.00

6.30 6.30

25.40 31.70

24.60 56.30

39.49 I 35.55

9.9(

Dry

67.12

4.79

16.02

1.26

0.65

0.03

9.99

“/. dry fuel

3.63

1.49

0.07

0.82

2.20

0.33

0.08

0.09

1.07

Q.r37

0.10

9.95

As Rec’d

60.44

4.31

14.42

1.13

0.58

0.02

9.00

% ash

36.34

14.94

0.75

8.21

22.01

3.26

0.82

0.87

10.76

0.66

1.01

99.6

43.70 I 100.00

Size Ofi

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

wtion (Mah

in

size bin

0.00

0.05

0.10

0.15

0.20

0.15

0,45

1.90

4.25

7.45

10.35

10.80

10.05

8.30

6.34)

5.40

5.15

5.05

4.60

3.45

2.70

2.15

1.90

1.70

1.60

1.40

1.20

0.95

0.75

0.50

0.35

0.25

1)”

cum. vol.

per.

100.0

100.0

99.9

99.7

99.5

99.4

98.9

97.0

92.8

85.3

75.0

64.2

54.1

45.8

39.5

34.1

29.0

23.9

19.3

15.9

13.2

11.0

9.1

7.4

5.8

4.4

3.2

2.3

1.5

1.0

0.7

0.4

Size Di:

Diameter

(~m)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.1M2

38.3m2

31 .3m2

27m2

23.3m2

20.1 m2

17.4m2

15m2

12.9M2

11.1M2

9.6m2

8.3m2

7.2m2

6.2M2

5.3m2

4.8m2

4m2

3.4M2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

Mien (Malv

% in

size bin

,).
cum. vol.

per.

sh Chemistry

Si02

A1203

T02

Fe203

Cao

MgO

K20

Na20

S03

P205

cl

Uwklemlw

otal

Drms of Sulfur (% dry fuel~ I 17.7m

Py?itic I 0.19

Organic 0.43

15.3m

13.2m

11.4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

Sulfatic 0.03

raction Free Silica 0.38

racfion Pyritic Iron I 0.19

eating Value (W/lb, dry

As Fired

Dulong

cid Sol. Alkali (ppm)

Na

Mg

Ca

11921

11517

a

10734

10370

As Rec’d

%2

1196

1229

1246

1281

1246

1269

1287

1344

Jsion Temm

edu&ng Conditions

Inifiil Deformation

Spherical

Hemispheric

fluid

xkfizing Conditions

Initial Deformation

spherical

Hemispherical

Fluid
—

2186

2245

2276

2338

2275

2316

2349

2452

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 29.70

DV.9 90 Y. volume diameter 54.20

Dv.1 10 percentile volume diameter 7.85

D4,3 31.15

D3,2 Sauter Mean Diameter 16.15

Span “ i .55

All Data

pacific Sutface Area krP3/cc) 0.38

These Matvem data are for the -325 mesh size fractions.
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Table A.17 Summary of Properties of the Illinois #6 (1) Coal.

Analyses

Proximate

F]xed Carbon

Volatile Matter

Moisture

Jltimate

c

H

o

N

s

cl

Ash

ish Chemistry

Si02

A1203

T02

Fe203

Cao

MgO

K20

Na20

S03

P205

c1

Undatermhad

“otal

orms of Sulfur (% dry fuel?

Dry

48.90

40.83

10.6

Drv

68.50

5.04

10.40

1.44

4.33

0.10

10.24

% dry fuel

4.75

1.71

0.09

2.10

0.53

0.08

0.21

0.13

0.51

0.02

0.02

0.10

10.23

As Rec”d

43.69

36.48

As Rec”d

61.20

4.50

9.29

1.29

3.87

0.09

9.15

% ash

46.35

16.74

0.88

20.49

5.15

0.78

2.01

1.28

4.95

0.16

0.16

0.96

98.9

Pylific 1.20

Organic 2.78

Sulfatic 0.36

faction Free Silica 0.46

racfion Pyriticlron 0.72

eating Value (Bturlb, d~

As Fired

Dulong

cid Sol. Alkali (ppm)

Na

Mg

Ca

K

Jsion Temp.

educing Conddions

Inifiil Deformation

Spherical

Hemispherical

Fluid

Midizing &mditions

Inifiil Deformation

spherical

Hemispherical

fluid

12182

12457

Q
2256

1766

5977

2380

‘F

1939

1995

2110

2287

2266

2291

2346

2491

10885

11131

As Rec’d

2256

1766

5977

2380

‘w

1060

1090

1154

1253

1241

1255

1285

1366

Illinois #6 (1)

]ize OisWibufiin I Sieves

dp>~m

600ymdp>3Ci)pm

200pmdp>149pm

149pr-nxtp>74pm

74pmMpM4flm

44ul-nXto

Size D)

Diameter

(yin)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

22m

1.9m

wtion (Mal

in

size bin

0.00

0.03

0.08

0.10

0.10

0.10

0.45

1.50

3.45

6.15

8.93

10.63

10.45

8.88

7.25

6.20

6.00

5.83

5.05

3.88

2.80

2.20

1.93

1.85

1.63

1.28

1.00

0.80

0.55

0.33

0.23

020.

+28

28x48

48x1OO

100X200

200x325

-325

1)-

cum. vol.

per.

100.0

100.0

99.9

99.8

99.7

99.6

99.2

97.7

94.2

88.1

79.1

68.5

58.1

49.2

41.9

35.7

29.7

23.9

18.9

15.0

12.2

10.0

8.1

6.2

4.6

3.3

2.3

1.5

0.9

0.6

0.4

0.2

mass % in size bin am. mass 1

0.00 0.00

0.05 0.05

1.75 1.80

14.50 16.30

27.30 43.60

57.65 101.25

Size Di

Diameter

(pm)

118.4m:

102.1 m:

88.1 m2

76m2

65.6M2

56.6m2

48.8m2

42.lm2

38.3M2

31.3m2

27m2

23.3M2

20.1 m2

17.4m2

15m2

12.9M2

11.lrn2

9.6m2

8.3M2

7.2m2

6.2m2

5.3M2

4.8M2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9M2

1.6M2

1.4m2

1 .2m2

]ution (Mal

% in

size bin

0.05

0.15

0.15

0.10

1.65

5.40

9.55

10.95

9.55

7.75

8.20

9.55

7.55

4.15

3.65

4.90

4.20

3.00

1.60

1.20

1.55

1.35

1.15

0.80

0.75

0.70

0.10

0.10

0.00

0.00

0.00

0.00

Sie Statistics (Malvern Data Only)

Malvern

DV.5 Volume Mean Diam. 25.63

Dv.9 90 ‘%. volume diameter 47.92

Dv.1 10 percentile volume diameter 8.17

04,3 27.10

D3,2 Sauter Mean Diameter 15.72

Span 1.57

pedfic Surface Area (rnA3/cc) 0.37

cum. vol.

oer.

100.0

99.9

99.9

99.9

98.4

94.6

90.5

89.1

90.5

92.3

91.8

90.5

92.5

95.9

96.4

95.1

95.8

97.0

98.4

98.8

98.5

98.7

98.9

99.2

99.3

99.3

99.9

99.9

100.0

100.0

100.0

100.0

All Data

.

—. .
7 Iwse MaIver-ndata are for the-325 mesh size fm.tiona.
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Table A.18 Summary of Properties of the Roland Coal.

Roland

Analyses

Proximate

Fixed Carbon

Analyses

Size Distribution Sieves

+28

28x48

48x1 00

100X200

200x325

-325

mass “/. in size bin

0.00 -

um. mass

0.00

0.80

2.60

29.10

58.07

100.00

1)”

cum. vol.

per.

dp>600pm

600pm>dp>300~m

300pm> dp>149ym

149pm>dp>74pm

74pm% p>44pm

44pmAp

Volatile Matter

Moisture

Jltimate

45.39 I 40.72 0.80

1.80

26.50

28.97

41.93

10.29

z
69.94

4.76

17.79

0.91

0.40

0.03

6.16

K!@?!
1.87

0.91

0.07

0.44

1.28

0.31

0.02

0.12

1.00

0.07

0.07

6.16

AS Rac’d

62.74

4.27

15.96

0.82

0.36

0.03

5.53

% ash

30.42

14.81

1.12

7.22

20.72

5.08

0.38

1.95

16.16

1.08

1.07

100.0

c

H

o

N

s

c1

Size Dis

Diameter

(w)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

17.7m

15.3m

13.2m

11.4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m
.

mtion (Malvem)” Size Di:

Diameter

(~m)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.1 m2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

,ution (Malv

% in

size bin

cum. vol.

per.

100.0

100.0

100.0

100.0

100.0

100.0

99.8

98.8

96.3

91.6

64.3

75.1

65.9

58.6

53.0

47.9

42.7

37.2

32.2

28.1

24.7

21.6

18.5

15.3

12.2

9.5

7.3

5.5

4.3

3.3

2.4

1.2

in

size bin

0.00

0.00

0.00

0.00

0.00

0.03

0.18

1.00

2.50

4.75

7.30

9.20

9.20

7.28

5.60

5.05

5.25

5.48

5.03

4.10

3.38

3.10

3.13

3.18

3.08

2.73

2.25

1.73

1.25

1.03

0.83

1.23

Ash

tsh Chemistry

Si02

A1203

Tio2

Fe203

Cao

MgO

Km

Na20

S03

P205

cl

Urddermined

“otal

normsof Sulfur (% dry fuel)
I

{eating Value (Btwlb, dry)

As Fired

Dulong

kid Sol. Alkali (pprn)

Na

Mg

Ce

11877

11762

Q

10655

10551

As Rec’d

c

1130

1156

1166

1198

1167

1191

1205

1244

‘usion Temp.

{educing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

)xidizing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

2066

2113

2131

2188

2132

2177

2202

2271

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 20.20

DV.9 90 ‘Y. volume diameter 44.78

Dv.1 10 percentile volume diameter 4.55

D4,3 22.93

D3,2 Sauter Mean Diameter 10.40

Span 1.98

All Data

itxxltic Surface Area (IwYWC) 0.61

llese Malvem data are for the -325 mesh size fractions.
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Table A.19 Summary of Properties of the Decker Coal.

Analyses

‘roximate

Fixed Carbon

Volatile Matter

!oisture

Iltimate

c

H

o

N

s

cl

Ash

sh Chemistry

Si02

Af203

T02

Fe203

Cao

M@

K20

Na20

S03

P205

c1

Urdetermhad

~tal

Era’
17.4[

Dry

72.04

4.97

16.36

1.00

0.53

0.02

5.12

O/.dry fuel

1.32

0.87

0.06

0.33

0.74

0.16

0.02

0.41

1.07

0.05

0.09

5.12

As Rec’d

59.45

4.10

13.50

0.82

0.43

0.02

4.23

% ash

25.78

16.96

1.15

6.42

14.51

3.14

0.47

7.99

20.83

0.93

1.82

100.0

Drms of Sulfur (% dry fuel~

Pylific 0.16

Organic 0.33

Sulfatic 0.04

raction Free Silica 0.02

raction Pyritic Iron 0.61

eating Value (Btwlb, d~

As Fired

Dulong

:id Sol. Alkali (ppm)

Na

Mg

Ca

K

Jsion Temp.

educing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

xidizksg Conditions

initial Deformation

Spherical

Hemispherical

Fluid

12424

12315

L

‘F

2056

2143

2161

2194

2333

2457

2472

2495

10253

10162

As Rec’d

%

1124

1173

1183

1201

1278

1347

1356

1368

Decker

An.sfyses

iize Distribution

dp>600ym

600pm>dp>300#m

300~m>dp>149pm

149pmAp>74pm

74pmtip>4*m

44~>dp

Size Dis

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13,2m

11 ,4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

tiion (Mall

In

size bin

0.36

0.95

1.41

1.78

1.89

1.96

2.05

2.48

3.40

5.38

7.54

9.31

9.10

7.10

5.41

4.73

4.95

5.19

4.65

3.71

2.75

2.33

228

223

201

1.53

1.01

0.79

0.54

0.31

0.31

0.49

Sieves

+28

28x48

48x1OO

100X200

200x325

-325

7)”
cum. vol.

per.

99.6

98.7

97.3

95.5

93.6

91.7

89.6

87.1

83.7

78.4

70.8

61.5

52.4

45.3

39.9

35.2

30.2

25.0

20.4

16.7

13.9

11.6

9.3

7.1

5.1

3.6

2.5

1.8

1.2

0.9

0.6

0.1

mass % in size bin

0.00

0.10

4.00

23.97

25.03

46.90

Size Di:

Diameter

(pm)

118.4m2

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31.3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

]ution (Malv

“/0in

size bin

Sie Statistics (Malvem Data Only)

Malvern

Dv.5 Volume Mean Diam. 31.06

DV.9 90% volume diameter 64.68

Dv.1 10 percentile volume diameter 7.63

D4,3 34.15

D3,2 Sauter Mean Diameter 15.80

Span 1.76

um. mass C

0.00

0.10

4.10

28.07

53.10

100.00

I\”

cum. vol.

per.

All Data

peafic Surface AreaWYWc) 0.40
—
These Malvem data ara for the -325 mesh size fractbns.
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Table A.20 Summary of Properties of the Black Thunder Coal.

Analyses

%oxirnate

Fixed Carbon

Volatile Matter

Aoisture

Jltimate

c

H

o

N

s

cl

Ash

wh Chemistry

Si02

A1203

Tio2

Fe203

Cso

MgCJ

K20

Na20

S03

P205

cl

Urdetefrnirwd

otal

-%--EE
21 .3(

x
69.90

5.05

17.09

0.94

0.48

0.08

6.46

@Y!!E!
1.96

1.05

0.08

0.33

1.36

0.31

0.02

0.09

1.13

0.06

0.08

6.46

As Rec”d

55.01

3.97

13.45

0.74

0.38

0.06

5.08

% ash

30.31

16.27

1.27

5.04

21.07

4.74

0,35

1.41

17.46

~,~j

1.17

100.0

orrns of Sulfur (% dry fuel)

Pylitic

I

0.08
Organic 0.40

Sulfatic I O.DO

raction Free silica 0.19

recfion Pyritic Iron I 0.31

ealing Value (Btwlb, dry)

As Fired

Dulong

ad Sol. Alkali (ppm)

Na

Mg

Ca

K

usion Temp.

educing Conditions

Initial Deformation

Spherical

Hemisphericef

fluid

tidizing Conditions

Initial Deformation

spherical

Hemispherical

Fluid

12815

11993

A

2121

2152

2172

2210

2154

2192

2209

2269

10085

9438

As Rec’d

%

1161

1178

1189

1210

1179

1200

1209

1243

Black Thunder
Analyses

;ize Distribution

dp>600pm

600pm>dp.300pm

300#m>dp>149pm

149pmxfp>74pm

74pm>dpA4pm

44prnAp

Size Di:

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

ution (Malvem)”

Sieves

+28

28x48

48x1 00

100X200

200x325

-325

n

size bin

0.00
0.05

0.05

0.05

0.05

0.15

1.10

3.05

5.85

8.55

9.40

9.30

7.85

6.05

5.35

5.50

5.65

5.30

4.25

3.45

2.95

2.70

2.50

2.30

2.05

1.70

1.20

1.05

0.70

0.50

0.40

0.80

cum. vol.

per.

100.0

100.0

99.9

99.9

99.8

99.7

98.6

95.5

89.7

81.1

71.7

62.4

54.6

48.5

43.2

37.7

32.0

26.7

22.5

19.0

16.1

13.4

10.9

8.6

6.5

4.8

3.6

2.6

1.9

1.4

1.0

0.2

mass % in size bin

0.00
0.30

7.70

30.80

19.20

42.00

Size Dis

Diameter

a
118.4m2

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9M2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

Sie Statistic (Malvern Data Only)

Mien (Malv

0/0in

size bin

um. mass:

0.00
0.30

8.00

38.80

58.00

100.00

!)”

cum. vol.

per.

All DataMalvern

DV.5 Volume Mean Diam. 24.75

DV.9 90 Y. volume diameter 50.10

Dv.1 10 percentile volume diameter 6.05

D4,3 27.35

D3,2 Sauter Mean Diameter ‘ 13.50

Span 1.75

pacific Surface Area (rrWcz) 0.46

l%eae Malvem data are for the -326 mesh size ftad”ons.
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Table A.21 Summary of Properties of the Belle Ayr Coal.

Analyses

‘roximate

Fixed Carbon

Volatile Matter

kloisture

Jltimate

c
H

o

N

s

c1

Ash

kh Chemistry

Si02

At203

TI02

Fe203

Cao

M@

K20

Ns20

S03

P205

c1

Undeteimhed

“Otal

24.65

Dry

70.27

5.05

17.27

0.90

0.44

0.05

6.04

% dry fuel

1.74

0.85

0.08

0.31

1.43

0.25

0.01

0.08

1.13

0.06

I

0.09

1 6.04

As Rec’d

52.94

3.80

13.01

0.68

0.33

0.04

4.55

% ash

28.81

14.13

1.40

5.08

23.643

4.10

0.23

1.31

18.78

1.04

1.43

100.0

‘orms of Sulfur (% dry fuel)

Pyrific 0.07

Organic 0.37

Sulfatic O.fxl

‘ractionFree Silica 0.26

‘kacfion Pyritic Iron 0.28

[eating Value (Btu/lb, dry

As Fired

Dulong

,tid Sol. Alkali (ppm)

Na

Mg

0s

K

usion Temp.

Ieducing Conddions

Initial Deformation

Spherical

Hemispherical

Fluid

kkfizing Conditions

InitialDeformation

Spherical

Hemispherical

Fluid

T
12781 9630

12027 9063

D & Rec’d

OF

1075

1098

1107

1125

1070

1098

1109

1126

‘K

579

592

597

607

577

592

598

608

Belle Avr
●

Analyses

jize Distribution Sieves

dp>600pm +28

600pm>dp>300ym 28x48

303pm=-dp>149pm 48X1OO

149pmAp>74pm 100s200

74pm>dp>44pm 200x325

44pm>dp -325

Size Distribution [Malvem)’

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

in

size btn

0.00

0.03

0.08

0.05

0.03

0.23

1.10

2.70

4.95

7.10

7.85

7.90

7.03

5.90

5.63

5.83

5.88

5.60

4.65

4.08

3.63

3.33

3.03

2.78

2.43

2.08

1.78

1.23

0.88

0.78

0.50

1.13

-
cum. vol.

per.

1Oi).o

100.0

99.9

99.9

99.8

99.6

98.5

95.8

90.9

83.8

75.9

68.0

61.0

55.1

49.5

43.6

37.8

32.2

27.5

23.4

19.8

16.5

13.5

10.7

8.3

6.2

4.4

3.2

2.3

1.5

1.0

-0.1

mass % in size bin cum. mass’

0.00 I 0.00
0.50

9.25

24.65

17.15

48.45

S!ze Dis

Diameter

(pm)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1 .2m2

Size Statistics (Malvem Data Only)

Iution (Mah

% in

size bin

Malvern

DV.5 Volume Mean Diam. 20.65

DV.9 90 YO volume diameter 48.88

Dv.1 10 percentile volume diameter 5.20

04,3 25.13

D3,2 Sauter Mean Diameter 11.65

Span 2.10

pecific Surface Area (rrtWcc) 0.53

0.50

9.75

34.40

51.55

100.00
~).

cum. vol.

per.

All Data

.

These Malvem data are for the -325 mesh size fractions.
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Table A.22 Summary of Properties of the Wyodak Coal.

M/\fnA91/
Tw yuuan

Analyses Anafyses

‘roximate Dry As Rec’d Size Distribution Sieves mass “Ain size bin cum. mass ?

Fixed Carbon 48.27 38.74 dp>603~m +28 0.00 0.00

Volatile Matter 45.50 36.52 &10~>dp>3CO~ 28x48 0.00 0.00

doisture 19.74 300pmxfp>149prn 48x1OO 4.08 4.08

Jltimate Dry As Rec’d 149pmx5p>74pm 100X200 19.53 23.60

c 69.76 55.99 74pm%pti4ym 200x325 20.38 43.98

H 4.95 3.97 qum-dp -325 56.03 100.00

0 17.49 14.04 Size Distribution (Malve m)” Size Distribution (Malvem)”

N 0.97 0.77 Diameter ?>in cum. vol. Diameter % in cum. vol.

s 0.56 0.45 (pm) size bin per. (pm) size bin per.

cl 0.04 0.03 188m 0.00 100.0 118.4m2 0.08 99.9

Ash 6.18 4.96 162m 0.05 100.0 102.1 m2 0.13 99.9

\sh Chemistry % dry fuel % ash 140m 0.08 99.9 88.lm2 0.15 99.9

Si02 1.61 26.06 121m 0.13 99.8 76m2 0.10 99.9

.N203 0.86 13.96 104m 0.13 99.6 65.6m2 0.38 99.6

l-rr2 0.08 1.29 89.9m 0.13 99.5 56.6m2 3.45 86.6

Fe203 0.33 5.35 77.5m 0.45 99.1 48.8m2 7.43 92.6

Cao 1.51 24.40 66.9m 1.45 97.6 42.lm2 9.40 80.6

M@ 0.26 4.28 57.7m 3.18 94.4 38.3m2 9.35 90.7

K20 0.01 0.19 49.8m 5.58 88.9 31 .3m2 8.50 91.5

Na20 0.05 0.86 42.9m 8.18 80.7 27m2 8.20 91.8

S03 1.29 20.82 37.1 m 9.88 70.8 23.3m2 8.10 91.9

P205 0.06 0.99 32m 9.75 61.1 20.1 m2 6.75 93.3

cl 27.6m 7.98 53.1 17.4m2 5.15 94.9

Undetermhed 0.11 1.80 23.8m 6.18 46.9 15m2 4.90 95.1

‘otal 6.18 100.0 20.5m 5.30 41.6 12.9m2 5.35 94.7

orms of Sulfur (% dty fuel) 17.7m 5.45 38.2 11.lm2 4.58 95.4

Pyrific 0.12 15.3m 5.68 30.5 9.6m2 3.70 96.3

Organic 0.40 13.2m 5.40 25.1 8.3m2 2.68 97.3

Suifatic 0.04 11 .4m 4.45 20.6 7.2m2 2.18 97.8

raction Free silica 0.21 9.8m 3.45 17.2 6.2m2 2.13 97.9

recfionPyrific Iron 0.43 8.5m 2.88 14.3 5.3m2 1.90 98.1

eating Vatue (Btu/lb, dry) 7.3m 2.58 11.7 4.8m2 1.53 98.5

Aa Fired 11927 9573 6.3m 2.43 9.3 4m2 1.28 98.7

Dulong 11881 9536 5.4m 2.20 7.1 3.4m2 1.13 98.9

cid Sol. Alkali (ppm) Dry As Rec’d 4.7m 1.90 5.2 3m2 0.88 99.1

Na 4.lm 1.15 4.1 2.8m2 0.45 99.6

Mg 3.5m 1.08 3.0 2.2m2 0.10 99.9

Ce 3rn 0.83 2.2 1.9m2 0.03 100.0

K 2.6m 0.53 1.6 1.6m2 0.00 100.0

‘usion Temp. OF % 2.2m 0.40 1.2 1 .4m2 0.00 100.0

ieducing Condtiions 1 .9m 0.53 0.7 1 .2m2 0.00 100.0

Initial Deformation 2161 1183 Size Statistics (Malvem Data Only)

Spharicel 2214 1212 Malvern All Data

Hemispherical 2236 1224 DV.5 Volume Mean Diam. 23.10

fluid 2288 1253 DV.9 90 Y. volume diameter 45.41

)xidizing Conditions Dv.1 10 percentile volume diameter 6.29

InitialDeformation 2154 1179 D4,3 25.04

Spharical 2204 1207 D3,2 Sauter Mean Diameter 13.66

Hemispherical 2231 1222 Span 1.71

Fluid 2285 1252 s wafic Surface Area (rr_P3hx) 0.44

These Malvem data are for the -325 mesh aiza frediona
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Table A.23 Summary of Properties of the Antelope Coal.

n-+ AIAnm
MI ILGIupG

Analyses

>roximate Dry As Rec”d Size Distribution Sieves mass 0/0in size bin cum. mass ?

Fixed Carbon 51.22 39.49 dp>600ym +28 0.50 0.50

Volatile Matter 43.27 33.36 800ymtip>300ym 28x48 12.00 12.50

ffoisture 22.90 Woprm-dp>l 49pm 48x1 00 31.40 43.90

IItimate Dry As Rec”d 149~mxip>74ym 100X200 18.90 62.80

c 68.38 52.72 74pmfip>44#m 200x325 37.20 100.00

H 4.89 3.77 44pmtip -325 O.CO 100.00

0 19.74 15.22 Size Distribution (Malvem)” Size Distribution (Malvem)”

N 1.03 0.79 Drameter ‘?>in cum. vol. Diameter % in cum. vol.

s 0.42 0.32 (~m) size bin per. (pm) size bin per.

cl 0.03 0.02 188m 118.4m2

Ash 5.51 4.25 162m 102.1 m2

sh Chemistry % dry fuel % ash 140m 88.lm2

Si02 1.38 25.03 121m 76m2

A1203 0.63 11.36 104m 65.6m2

Tii2 0.04 0.66 89.9m 56.6m2

Fe203 0.45 8.18 77.5m 48.8m2

Cao 1.59 28.88 66.9m 42.lm2

M@ 0.31 5.60 57.7m 38.3m2

Km 0.01 0.25 49.8m 31 .3m2

Na20 0.09 1.57 42.9m 27m2

S03 0.97 17.65 37.1 m 23.3m2

P205 0.04 0.81 32m 20.lm2

cl 27.6m 17.4m2

Undetemheel 0.00 0.01 23.8m 15m2

otai 5.51 100.0 20.5m 12.9m2

orms of Sulfur (Yodry fuel) 17.7m 11.lm2

Pyific 0.02 15.3m 9.6m2

Organic 0.40 13.2m 8.3m2

Sulfatic 0.00 11.4m 7.2m2

raction Free Silica 0.32 9.8m 6.2m2

ractionPyritic Iron 0.06 8.5m 5.3m2

eating Value (Btu/lb, dry) 7.3m 4.8m2

As Fired 12271 9461 6.3m 4m2

Dulong 11465 8840 5.4m 3.4m2

ad Sol. Alkati (ppm) Dry As Rec’d 4.7m 3m2

Na 4.lm 2.8m2

Mg 3.5m 2.2m2

Ca 3m 1.9m2

K 2.6m 1.6m2

usion Temp. ‘F % 2.2m 1.4m2

educing conditions 1.9m 1.2m2

InitialDeformation 2323 1273 Size Statistics (Malvem Data only)

Spherical 2355 1291 Malvern All Data

Hemispherical 2381 1305 DV.5 Volume Mean Diam.

Fluid 2411 1322 Dv.9 90% volume diameter

xidizing Conditions Dv.1 10 percentile volume diameter

Initiil Deformation 2349 1287 D4,3

Spherical 2369 1298 D3,2 Sauter Mean Diameter

Hemispherical 2383 ‘1306 Span

Ffuid 2402 1317 s gecific Surface Area (rW3/cc)

r

These Malvem date are for the -325 mesh size fmcfions.
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Table A.24 Summary of Properties of the Eagle Butte Coal.

Analyses

%oximate

Fixed Carbon

Volatile Matter

Joisture

Jltimate

c

H

o

N

s

cl

Ash

,sh Chemistry

Si02

4203

Tio2

Fe203

Cao

M@

K20

Ns20

S03

P205

u

Unde!amliled

Dial

DmlS of Sulfur (% dry fuel)

22.3(

A
66.89

4.89

20.20

1.17

0.47

0.03

6.37

2Q!U!5L
1.78

0.90

0.05

0.39

1.60

0.38

0.02

0.12

1.04

0.04

0.05

6.37

As Rec’d

51.97

3.80

15.70

0.91

0.37

0.02

4.95

“A ash

28.00

14.16

0.83

6.09

25.09

5.95

0.26

1.84

16.38

0.67

0.73

100.0

Pylftic 0.06
Organic 0.40

Sulfatic 0.01

raction Free Silica 0.24

action Pyritic Iron 0.19

eating Value (Btwlb, dry)

As Fired

Dulong

tid Sol. Alkali (ppm)

Na

Mg

Ca

K

Jsion Tem~.

educing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

IbridizingConditions

fnitial Deformation

Spherical

Hemispherical

Ffuid

7
11516

11211

D

822

1891

7250

75

OF

2223

2254

2261

2273

2184

2214

2229

2249

8947

8711

As Rec’d

822

1891

7250

75

‘T

1217

1234

1239

1245

1196

1212

1221

1231

agle Butte

Analyses

;ize Distribufiin 1 Sieves

dp>600pm +28

600pm>dp>3@m

300pm>dp>l 49pm

149pm>dp>74pm

74~>dpti4pm

44pmAp

Size Distribution (Mal

(pm)

188m
162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

-
in

size bin

0.00
0.00
0.02

0.03

0.03

0.08

0.27

0.88

1.87

3.78

6.80

9.47

10.13

8.87

7.38

6.47

6.32

6.32

5.75

4.82

3.75

3.03

2.68

2.48

2.25

1.88

1.30

1.00

0.70

0.48

0.32

0.27

28x48

48x1 00

100X200

200x325

-325

0“

cum. vol.

per.

1OQ.O

100.0

100.0

lDD.O

99.9

99.8

99.6

98.7

96.8

93.0

86.2

76.8

66.6

57.8

50.4

43.9

37.6

31.3

25.5

20.7

17.0

13.9

11.3

8.8

6.5

4.6

3.3

2.3

1.6

1.2

0.8

0.6

mass % in size bin

0.00 -
0.27

2.70

17.50

22.60

56.93

Size Di:

Diameter

(pm)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.1 m2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

mtion (Mal

% in

size bin

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 21.37

DV.9 90 Y. volume diameter 42.02

Dv.1 10 percentile volume diameter 6.20

D4,3 23.20

D3,2 Sauter Mean Diameter 12.98

Span 1.68

:um. mass

0.00
0.27

2.97

20.47

43.07

100.00

1)”

cum. vol.

per.

All Data

pecific Surface Area (mWcc) 0.47

These Malvem data are for the -325 mesh size fractions.
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Table A.25 Summary of Properties of the Beulah Lignite.

Analyses

%oxirnate

Fixed Carfzon

Volati[e Matter

doisture

Jltimate

c

H

o

N

s

c1

Ash

wh Chemistry

sio2

A1203

T02

Fe203

Cao

MgO

K20

Na20

S03

P205

cl

Undelermiled

otal

24.1

Dy

60.97

4.07

18.50

1.02

1.81

0.04

13.69

7. dry fuel

2.87

1.89

0.06

1.65

2.21

0.60

0.03

0.88

3.32

0.00

0.19

13.69

As Rec’d

46.26

3.09

14.04

0.77

1.38

0.03

10.39

% ash

20.93

13.78

0.41

12.08

16.13

4.40

0.22

6.41

24.27

0.00

1.38

100.0

omrs of Sulfur (% dry fuel!

Pylitic 0.47

Organic 1.18

Sulfalic 0.16

raction Free Silica 0.10

racfion Pyrilic Iron 0.37

eating Value (Btwlb, dq

As Firad

Dulong

ad Sol. Alkali (ppm)

Na

Mg

Ce

K

Jsion Temp.

ectuang Conditions

Initial Deformation

Spherical

Hemispherical

Flukf

xklizing Conditions

Initial Deformation

spherical

Hemiapherfcaf

fluid

10040

10003

A
7357

3321

14036

152

‘F

2026

2149

2175

2191

2290

2359

2365

2388

7617

7590

As Rec’d

7357

3321

14036

152

T

1108

1176

1190

1199

1255

1293

1296

1308

Beulah
Anatyses

;ize Distribution Sieves

dp>600pm +28

600ym>dp>3CO~m 28x48

300pm> dp>149pm 48x1OO

149pm>dp>74pm 100X2OO

74pmdp>44pm 200x325

44~Ddp -325

Size Di

Diameter

(~m)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

I 17.7rn

15.3m

13.2m

11.4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

mon (Mal

in

size bin

0.18

0.49

0.72

0.92

0.98

1.20

1.53

1.92

2.69

4.01

5.41

6.32

6.37

5.98

5.70

5.48

5.33

5.29

4.99

4.64

4.12

3.67

3.38

3.31

3.18

2.80

2.47

1.82

1.33

1.11

0.91

1.79

1)”

cum. vol.

per.

99.8

99.3

98.6

97.7

96.7

95.5

94.0

92.1

89.4

85.4

79.9

73.6

67.3

61.3

55.6

50.1

44.8

39.5

34.5

29.8

25.7

22.1

18.7

15.4

12.2

9.3

6.8

5.0

3.7

2.6

1.6

-0.1

mass “A in size bln cum. mass’

0.06 0.06

2.88 2.94

12.81 15.75

22.60 38.35

17.20 55.55

45.29 100.84

Size Di

Diameter

(~m)

118.4mZ

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31.3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8M2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1 .2m2

mtion (Mali

% in

size bln

0.08

0.14

0.14

0.10

0.00

1.62

4.78

6.62

7.14

7.04

7.14

7.30

6.40

5.42

5.60

6.12

5.34

4.64

3.90

3.68

3.64

3.10

2.40

2.14

2.22

2.06

0.74

0.42

0.00

0.04

0.00

0.00

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 18.46

DV.9 90% volume diameter 49.66

Dv.1 10 percentile volume diameter 4.44

D4,3 23.49

D3,2 Sauter Mean Diameter 10.24

Span . 2.35

tile Suriace Area WW/cc) 0.62

1)”

cum. vol.

per.

99.9

99.9

99.9

99.9

100.0

98.4

95.2

93.4

92.9

93.0

92.9

92.7

93.6

94.6

94.4

93.9

94.7

95.4

96.1

96.3

96.4

96.9

97.6

97.9

97.8

97.9

99.3

99.6

100.0

10Q.O

10JJ.O

100.0

Ail Data

These Mafvem date are for the -32S mesh size fracticaa.
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Table A.26 Summary of Properties of the Texas (San Miguel) Lignite.

Analyses

‘roxi male

Tex: , (San Miguel)

-

my

17.51

30.41

18.5(

Dry

29.43

3.20

12.95

0.51

1.75

0.08

52.18

“/. dry fuel

34.36

10.13

0.45

0.87

1.56

0.25

0.98

1.35

1.47

0.00

0.01

0.74

52.17

As Rec’d

14.27

24.78
000 wmass % in size b[n

Fixed Carton

Volatile Matter

.loisture

600ym>dp>300pm

300Um>dp>149pm

149pmdp>74pm

74pmdp=.44pm

28x48

48X1OO

1OOX200

200x325

2.40

L
2.40

9.83 12.23

18.28 30.50

17.23 47.73

52.28 100.00

JItimale As Rec’d

23.99

2.61

10.55

0.41

1.43

0.06

42.53

0/- ash

b

H

o

N

s

c1

Ash

c+h Chemistry

Si02

A1203

TC12

Fe203

Cao

M@

K20

Ns20

S03

?205

c1

Urdetennhed

‘otal

qur-dp I -325

!3ze DIS

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.1 m

32m

27.6m

23.8m

20.5m

ution (Malv

m

size bin

0.00

0.00

0.00

0.00

0.00

0.08

0.13

0.15

022

1.02

2.78

4.85

6.48

6.97

6.90

6.68

6.70

6.73

6.45

5.95

5.12

4.45

4.05

3.95

3.78

3.42

2.88

2.13

1.58

1.37

1.30

2.33

0“

cum. vol.

per.

100.0
100.0
100.0

100.0

100.0

99.9

99.8

99.6

99.4

98.4

95.6

90.8

84.3

77.3

70.4

63.7

57.0

50.3

43.8

37.9

32.8

28.3

24.3

20.3

16.5

13.1

10.2

8.1

6.5

5.2

3.9

1.5

Size Dis

Diameter

(pm)

118.4m2

102.lm2

88.1 m2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31.3m2

27m2

23.3m2

20.1 m2

17.4m2

15m2

12.9m2

11.1M2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

lution (Malv—.
% in

size bin—.
0.10

0.35

0.40

0.35

0.25

1.80

4.90

6.85

7.55

7.50

7.30

6.75

6.05

5.60

5.60

5.55

4.80

4.30

3.90

3.55

3.30

2.85

2.40

2.20

2.10

1.75

0.80

0.60

0.30

0.00

0.10

0.10—.

0“

wm. vol.

per.

99.9

99.7

99.6

99.7

99.8

98.2

95.1

93.2

92.5

92.5

92.7

93.3

94.0

94.4

94.4

94.5

952

95.7

96.1

96.5

96.7

972

97.6

97.8

97.9

98.3

99.2

99.4

99.7

100.0
99.9

99.9

All Data

.

65.85

19.41

0.87

1.66

2.99

0.48

1.88

2.60

2.82

0.01

0.02

1.42

100.0
.

“onnsof Sulfur (% dry fuelj I 17.7m

Pyrific 0.29

Organic 1.35

Sulfatic 0.10

“mction Free Silica 0.56

‘kection P~Ic Iron 0.41

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

Ieating Value (Btulfb, dry

As Fired

Dulong

,cid Sol. Alkali (ppm)

Na

Mg

Ca

K

usion Temtr.

[educing Conditions

lnilial Deformation

Spherical

Hemispherical

Ffuid

kiduing Conditions

Initiil Deformation

Sphericaf

Hemiapherfcaf

Ffuid

5076

5334

L
8788

1156

7628

5862
01=

4137

4347

As Rec’d

8788

1156

7628

5862

T

1287

1348

1416

1515

1281

1334

1413

1517

2349

2458

2580

2759

2338

2433

.2576

2762

Sie Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Dlam. 14.76

DV.9 90 %’0volume diameter 34.26

Dv.1 10 percentile volume diameter 3.89

D4,3 17.45

D3,2 Sauter Mean Diameter 8.39

Span 206

;DeaXc Surface Area hnwkc) 0.76

These Malvem data are for the -325 mesh size fradons.
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Table A.27 Summary of Properties of the Eastern Blend.

Eastern Blend
Analyses Anafysas

%oximate Dry As Rec’d Size Distribution Sieves mass % in size bin cum. mass 9

Fixed Carbon 61.06 60.62 dp>600~m +28 0.00 0.00
Volatile Matter 30.27 30.05 600pm>dp>3CQpm 28x48 0.00 0.00

doisture 0.72 300pm> dp>149#m 48x1 00 1.30 1.30

Jltimate Dry As Rec’d 149pm>dp>74yrn 100X200 26.30 27.60

c 77.95 77.39 74pmdpti4pm 200x325 26.30 53.90

H 4.79 4.76 44pm>dp -325 46.10 100.00

0 5.51 5.47 Size Distribution (Malvem)’ Size Distribution (Malvem)”

N 1.43 1.42 Diameter ?, in cum. vol. Diameter % in cum. vol.

s 1.65 1.64 (pm) size bin per. (yin) size bin per.

cl 188m 118.4m2

Ash 8.67 8.61 162m 102.1 m2

\sh Chemistry % dry fuel % ash 140m 88.lm2

Si02 4.25 49.03 121m 76m2

A1203 2.13 24.53 104m 65.6m2

Tio2 0.09 1.00 89.9m 56.6m2

Fe203 1.48 17.03 77.5m 48.8m2

Cao 0.20 2.31 66.9m 42.lm2

M@ 0.07 0.86 57.7m 38.3m2

K20 0.17 1.99 49.8m 31.3m2

Na20 0.03 0.36 42.9m 27m2

S03 0.17 1.92 37.lm 23.3m2

P205 0.03 0.37 32m 20.lm2

c1 27.6m 17.4m2

Uncbtermtied 0.05 0.60 23.8m 15m2

“otal 8.67 100.0 20.5m 12.9m2

‘ormsof Sulfur (% d~ fuel) 17.7m 11.lm2

Pyrific 0.89 15.3m 9.6m2

Organic 0.75 13.2m 8.3m2

Sulfatic 0.01 11 .4m 7.2m2

raction Free Silica 0.25 9.8m 6.2m2

racfion Pyntic Iron 0.75 8.5m 5.3m2

Ieating Value (Btullb, dry) 7.3m 4.8m2

As Fired 13933 13833 6.3m 4m2

Dulong 5.4m 3.4m2

cid Sol. Alkali (ppm) Dry As Rec’d 4.7m 3m2

Na 4.lm 2.8m2

Mg 3.5m 2.2m2

Ca 3Tl 1.9m2

K 2.6m 1.6m2

usionTemp. “F z 2.2m 1.4m2

educing conditions 1 .9m 1 .2m2

Initial Deformation 2133 1167 Size Statistics (Malvern Data Only)

Spherical 2429 1332 Malvern All Data

Hemispherical 2449 1343 DV.5 Volume Mean Diam.

Fluid 2500 1371 DV.9 907. volume diameter

,tidizing Conditions Dv.1 10 percentile volume diameter

InitialDeformation 2497 1369 D4,3

Spherical 2!574 1412 D3,2 Sauter Mean Diameter

Hemispherical 2602 1428 Span

fluid 2632 1444 s geafic Sutface Area h@31cc)

These Mafvem data are for the -325 mesh size fractions.
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Table A.28 Summary of Properties of the Pittsburgh #8 - Decker Blend.

Pittshllmh ft$l.lleckcir RInnr4. . . . . . . . ~.. ., - -w ----- -,”. *U

Ana@es Anefpes

%oximate Dry As Rec’d Size Distribution Sieves mass % in size bin

r

cum. mass <

Fixed Carbon 53.05 49.44 dp>600pm +28 0.00 O.OQ
Volatile Matter 41.23 38.42 600pm>dp>300~m 28x48 0.03 0.03

Aoisture 6.81 300pm>dpz149pm 43X1OO 2.83 2.87
Jlfimate Dry As Rec”d 149pmxJp>74pm 100X200 25.53 28.40

c 72.94 67.98 74ymtip94pm 200x325 26.90 55.30

H 5.34 4.98 44pm>dp -325 44.73 100.03

0 13.11 12.22 Size Distribution (Malvem)” Size Distribution (Malvem)”

N 1.28 1.19 Diameter 7 , in cum. vol. Diameter % in cum. vol.

s 1.04 0.97 (~m) size bin per. (~m) size bin per.
c1 0.07 0.06 188m 1.83 98.2 118.4m2

Ash 6.26 5.84 162m 4.39 93.8 102.lm2

ish Chemistry % dry fuel % ash 140m 5.51 88.3 88.lm2

Si02 2.42 38.68 121m 5.36 82.9 76m2

A1203 1.29 20.56 104m 3.92 79.0 65.6m2

lio2 0.06 1.03 89.9m 2.77 76.2 56.6m2

Fe203 0.73 11.71 77.5m 3.74 72.5 48.8m2

Ceo 0.48 7.67 66.9m 4.46 68.1 42.lm2

MgO 0.11 1.68 57.7m 4.80 63.3 38.3m2

K20 0.07 1.18 49.8m 5.54 57.7 31 .3m2

Ns20 0.21 3.38 42.9m 6.08 51.6 27m2

S03 0.65 10.39 37.1 m 7.15 44.5 23.3m2

P205 0.04 0.70 32m 6.53 38.0 20.1 m2

c1 27.6m 5.22 32.7 17.4m2

Ulwtennw 0.04 0.62 23.8m 4.18 28.6 15m2

otal 6.11 97.6 20.5m 3.63 24.9 12.9m2

orms of Sulfur (% dry fuel) 17.7m 3.50 21.4 11.lm2

Pyritic 0.41 15.3m 3.51 17.9 9.6m2

Organic 0.61 13.2m 3.24 14.7 8.3m2

Sulfatic 0.08 11.4m 2.72 12.0 7.2m2

raction Free Silica 0.20 9.8m 2.09 9.9 6.2m2

action Pyritic Iron 0.68 8.5m 1.65 8.3 5.3m2

eating Value (Btu/lb, dry) 7.3m 1.46 6.8 4.8m2

As Fired 13357 12448 6.3m 1.40 5.4 4m2

Dulong 12948 12066 5.4m 1.34 4.1 3.4m2

:id Sol. Alkali (ppm) Dry As Rec’d 4.7m 1.21 2.9 3m2

Na 4.lm 0.86 2.0 2.8m2

Mg 3.5m 0.67 1.3 2.2m2

Ce 3m 0.69 0.6 1.9m2

K 2.6m 0.34 0.3 1.6m2

sion Temp. “F % 2.2m 0.29 0.0 1 .4m2

tiucing Conditions 1 .9m 0.54 -0.5 1 .2m2

Initial Deformation 2139 1171 Size Statistics (Malvem Data Only)

Spherical 2201 1205 Malvern All Data

Hemispherical 2243 1228 DV.5 Volume Mean Diam. 53.26

Fluid 2342 1283 DV.9 80% volume diameter 80.51

xidizing Conditions Dv.1 10 percentile volume diameter 24.72

Initial Deformation 2319 1271 D4,3 51.78

Spherical 2338 1281 03,2 Sauter Mean Diameter 24.84

Hemispherical 2388 1309 Span 1.31

Fluid 2443 1339 s Dect“fit Surface Area (rrWf/cc) 0.33

~ase Malvem data are for the -325 mesh size fractions.
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Table A.29 Summary of Properties of the NIPSCO Blend (l).

Anatyses

‘roximate

Fixed Carbon

Volatile Matter

foisture

Iltimate
c
H

o

N

s

cl

Ash

sh Chemistry

sio2

A1203

T02

Fe203

Cao

MgO

K20

Ns20

S03

P205

c1

Undeterrnbd

)tal

xrms of Sulfur (% dry fue

Pyritic

Organic

Suifatic

‘action Free Sitice

action Pyritic Iron

eating Value (Btu/lb, dry)

As Fired

Dulong

tid Sol. Alkali (ppm)

Na

Mg

Ca

K

Jsion Temp.

3ducing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid

tidlzing Conditions

Initial Deformation

spherical

Hemispherical

Fluid

NIP!

Dry

48.70

43.51

9.3

~
70.31

5.39

14.74

1.22

0.53

0.06

7.80

% dry fuel

3.27

1.68

0.10

0.37

1.17

0.20

0.09

0.08

1.11

0.05

0.11

8.23

Aa Rec’d

44.13

39.43

As Rec’d

63.71

4.89

13.35

1.10

0.48

0.05

7.06

% ash

41.91

21.54

1.32

4.79

15.00

2.61

1.17

0.97

14.18

0.69

1.36

105.5

0.07

0.49

0.00

0.23

0.23

12979

12451

Q!Y-

OF

1513

1549

1610

1673

1554

1579

1629

1688

11761

11282

As Rec’d

%2

823

843

877

912

846

860

887

920

;0 Blend (1)
Analyses

;ize Distribution ! Sieves

dp>600pm

600pm>dp>300pm

3QO#mxfp>149pm

149ymtip>74pm

74pmxlp>44yrn

‘qundp

Size Dis

Diameter

(~m)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

ution (Malt

in

size bin

1.56

3.84

5.22

5.92

5.40

5.44

5.25

5.10

4.90

5.80

6.16

6.47

5.89

4.49

3.58

3.54

3.23

3.00

2.55

2.03

1.60

1.39

1.26

1.22

1.15

1.m

0.76

0.60

0.44

0.32

0.30

0.55

+28

28x48

48x1OO

100X2OO

200x325

-325

0“

cum. vol.

per.

98.4

94.6

89.4

83.5

78.1

72.6

67.4

62.3

57.4

51.6

45.4

2a.9

33.0

28.5

25.0

21.4

18.2

15.2

12.6

10.6

9.0

7.6

6.4

5.1

4.0

3.0

2.2

1.6

1.2

0.9

0.6

0.0

mass “Ain size bin cum. mass’

0.00 0.00
0.53 0.53

8.60 9.13

28.87 38.00

19.67 57.67

42.33 100.00

Size Dis

(Km)

118.4m2

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.1 m2

38.3m2

31 .3m2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1.2m2

Iution (Malt

% in

size bin

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 143.33

Dv.9 90 %’0 volume diameter 84.47

Dv.1 10 percentile volume diameter 21.74

04,3 54.68

D3,2 Sauter Mean Djameter 26.56

Span 1.30

pecific Surface Area (rwWcc) 0.30

1)”

cum.vol.

per.

All Data

These Matvem date are for the -325 mash size ftactions.
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Table A.30 Summary of Properties of the NIPSCO Blend (2).

Analyses

~roximate

Fixed Carbon

Volatile Matter

ioisture

Iltimate

c

H

o

N

s

cl

Ash

sh Chemistry

Si02

A1203

TI02

Fe203

Cao

MgO

K20

Ns20

S03

P205

c1

Undatermiwd

]tal

mm of Sulfur (% dry fuel)

NI

14.1

A
73.93

4.96

11.70

1.06

0.59

0.08

7.71

@!Y!Q
2.99

1.63

0.10

0.40

0.93

0.19

0.10

0.07

1.15

0.06

0.07

7.71

As Rec”d

63.45

4.25

10.04

0.91

0.51

0.06

6.61

% ash

38.84

21.22

1.27

5.17

12.13

2.53

1.35

0.96

14.91

0.76

0.87

100.0

Pyritic 0.07

Organic 0.53

Sulfatic 0.00

action Free Silica 0.18

action Pyritic Iron 0.20

?atin Value (Btu/lb, d )

=

As Fired

Dulon

id Sol. Alkali (ppm)

Na

Mg

Ca

K

usion Temp.

educing Conditions

Initial Deformation

Spherical

Hemispherical

Ftuid

xidizing Conditions

Initial Deformation

Spherical

Hemispherical

Fluid
—

13821

12942

x

1147

1174

1207

1241

1180

1194

1225

1257

11863

11108

As Rec’d

%

619

634

653

672

638

645

663

680

~COBlend (2)
hafyaas

;ize Distribution

dp>603pm

600#m=-dp>300pm

W@n>dp>l 49pm

149pmAp>74pm

74pmxtp>44pm

44pm>dp

Size Distribution (Mah

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27.6m

23.8m

20.5m

I 17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

-
in

size bin

0.00

0.00

0.00

0.03

0.00

0.05

0.50

2.10

4.90

7.58

8.45

8.33

7.40

6.30

5.75

5.60

5.73

5.50

4.55

3.83

3.35

3.08

2.90

2.73

2.43

2.08

1.63

1.23

0.93

0.83

0.68

1.58

Sieves

+28

28x48

48x1OO

100X200

200x325

-325

1)”

cum. vol.

per.

100.0

100.0

100.0

100.0

100.0

99.9

99.4

97.3

92.4

84.9

76.4

68.1

60.7

54.4

48.6

43.0

37.3

31.8

27.2

23.4

20.1

17.0

14.1

11.4

8.9

6.9

5.2

4.0

3.1

2.3

1.6

0.0

mass % in size bin

0.00 –

0.35

7.65

21.90

19.85

50.25

Size Di:

Diameter

(pm)

118.4m2

102.lm2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31.3M2

27m2

23.3m2

20.lm2

17.4m2

15m2

12.9M2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

t .9m2

1.6m2

1.4m2

1.2m2

wtion (Malv,—.
% in

size bin—.

Size Statistics (Malvem Data Only)

Malvern

DV.5 Volume Mean Diam. 21.45

Dv.9 90 ?40volume diameter 47.13

Dv.1 10 percentile volume diameter 5.05

04,3 24.28

D3,2 Sauter Mean Diameter 11.30

Span 1.95

ip=”fic Surface Area (mA3/cc) 0.56

wm. mass <

0.00

0.35

8.00

29.90

49.75

100.00

1)”

cum. vol.

per.

All Data

~ese Malvem data are for the -325 mesh size ftactions.
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Table A.31 Summary of Properties of the Roland-Illinois #6 Blend.

Roland/lllinois #6 (2) Blend
Analyses Anafysas

%oximate Dq’ As Rec”d Size Distribution Sieves mass “Ain size bin cum. mass’

Fixed Carbon 46.43 43.36 dp>600pm +28 0.00 0.00

Volatile Matter 44.25 41.33 600ym>dp>300pm 28x48 0.27 0.27

tloisture 6.60 300pm> dp>149pm 48x IO0 1.77 2.03

Jltimate Dry As Rec’d 149pmtip>74~m 100X200 30.10 32.13

c 68.58 64.06 74pm>dpti4pm 200x325 28.70 60.83

H 4.73 4.42 44pm>dp -325 39.17 100.00

0 14.70 13.73 Size Distribution (Malvem)” Size Distribution (Malve m)”

N 1.09 1.02 Diameter ?, in cum. vol. Diameter % in cum. vol.

s 1.56 1.46 (pm) size bin per. (pm) size bln per.

cl 0.03 0.03 188m 1.93 98.1 118.4m2

Ash 9.29 8.67 162m 4.75 93.3 102.lm2

,sh Chemistry % dry fuel % ash 140m 6.18 87.2 88.lm2

Si02 3.54 38.12 121m 6.74 80.4 76m2

A1203 1.49 16.04 104m 6.16 74.3 65.6m2

T02 0.09 0.95 89.9m 5.16 69.1 56.6m2

Fe203 1.12 12.01 77.5m 4.68 64.4 48.8m2

Cao 1.07 11.49 66.9m 5.14 59.3 42.1m2

M@ 0.27 2.94 57.7m 5.49 53.8 38.3m2

K20 0.11 1.16 49.8m 6.56 47.2 31.3m2

Na20 0.13 1.35 42.9m 6.57 40.7 27m2

S03 1.48 15.96 37.lm 6.14 34.5 23.3m2

Pm5 0.06 0.64 32m 5.03 29.5 20.1 m2

cl 27.6m 3.56 25.9 17.4m2

UrxktenntKd -0.06 -0.65 .23.8m 2.86 23.1 15m2

otal 9.29 100.0 20.5m 2.83 20.2 12.9m2

orms of Sulfur (% diy fuel) 17.7m 2.83 17.4 11.lm2

Pydc 0.58 15.3m 2.63 14.8 9.6m2

Organic 0.86 13.2m 2.18 12.6 8.3m2

Sulfatic 0.06 11 .4m 1.75 10.9 7.2m2

racfion Free Silica 0.36 9.8m 1.46 9.4 6.2m2

raclion Pyritic Iron 0.70 8.5m 1.37 8.0 5.3m2

eating Value (Btu/lb, dry) 7.3m 1.33 6.7 4.8m2

As Fired 12752 11911 6.3m 1.31 5.4 4m2

Dulong 11835 11054 5.4m 1.23 4.2 3.4m2

cid Sol. Alkali (ppm) Dry As Rec’d 4.7m 1.07 3.1 3m2

Na 4.lm 0.80 2.3 2.8m2

Mg 3.5m 0.68 1.6 2.2m2

Ca 3m 0.50 1.1 1 .9m2

K 2.6m 0.40 0.7 1.6m2

mien Temp. “F % 2.2m 0.34 0.4 1 .4m2

educing Conditions 1 .9m 0.53 -0.1 1 .2m2

Initial Deformation 2044 1118 Size Statistics (Malvern Data Only)

Spheritil 2119 1160 Malvern All Data

Hemispherical 2195 1202 Dv.5 Volume Mean Diam. 60.03

Fluid 2300 1260 Dv.9 90% volume diameter 88.28

xidizing Conditions Dv.1 10 percentile volume diameter 26.59

Initial Deformation 2181 1194 04,3 58.48
Spherical 2208 1209 03,2 Sauter Mean Diameter 29.87
Hemispherical 2286 1252 Span 1.26
Fluid 2378 1304 s Decific Surface Area (rr@31cc) 0.30

.

.

7hese Mafvem data are for the -325 mesh size ftactions.
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Table A.32 Summary of Properties of the Eagle Butte - Kentucky #9 Blend.

Analyses

‘roximate

Fixed Carbon

Volatile Matter

Aoisture

Jltimate

c

H

o

N

s

c1
Ash

,sh Chemistry

Si02

lw03

T02

Fe203

Cso

M@

K20

Ns20

S03

P205

c1

Undetetrn&d

otal

orms of Sutfur (% dry fue

Pyrffic

Organic

Sulfatic

raction Free Silica

raction Pyritic Iron

eating Value (Btu/lb, dry)

As fired

Dulong

cid Sol. Alkali (ppm)

Na

Mg

&

usion Temp.

educing Conditions

Initial Deformation

Spherical

Hemispherical

fluid

xidizing Conditions

Initial Deformation

spherical

Hemispherical

Fluid

Eagle BL

-Q9L
46.53

43.90

20.2

Dry

68.32

4.76

14.50

1.11

1.74

0.00

8.91

% dry fuel

2.63

1.29

0.09

1.21

1.31

0.32

0.10

0.11
1.84

0.02

0.01

8.93

As Rec”d

37.12

35.02

As Rec’d

54.50

3.80

11.57

0.89

1.39

0.00

7.11

O/.ash

29.55

14.44

1.01

13.57

14.70

3.54

1.12

1.27

20.67

0.28

0.08

100.2

0.55

0.88

0.31

0.26

0.49

11876

11835

x

1999

2106

2142

2233

2188

2212

2239

2320

9473

9441

As Rec’d

%

1093

1152

1172

1223

1198

1211

1226

1271

:/Kentucky #9 Blend

Anatyses

;ize Distribution

dp>600ym

600pm>dp.300pm

300Vm>dp.149~m

149pmxtp>74pm

74pmxJpA4pm

qrr-odp

Size Dis

Diameter

(pm)

188m

162m

140m

121m

104m

89.9m

77.5m

66.9m

57.7m

49.8m

42.9m

37.lm

32m

27,6m

23.8m

20.5m

17.7m

15.3m

13.2m

11 .4m

9.8m

8.5m

7.3m

6.3m

5.4m

4.7m

4.lm

3.5m

3m

2.6m

2.2m

1.9m

,ution (Malv

n

size bin

0.00

0.00

0.05

0.05

0.05

0.05

0.15

1.15

3.10

6.10

8.80

9.25

8.60

7.15

5.70

5.50

5.85

5.70

5.20

4.25

3.60

3.25

2.95

2.70

2.40

2.10

1.90

1.30

1.10

0.70

0.45

0.30

Sieves

+28

28x48

48x1OO

200x325

-325

7)”

cum. vol.

per.

100.0

100.0

10+3.0

99.9

99.9

99.8

99.7

98.5

95.4

89.3

80.5

71.3

62.7

55.5

49.8

44.3

38.5

32.8

27.6

23.3

19.7

16.5

13.5

10.8

8.4

6.3

4.4

3.1

2.0

1.3

0.9

0.6

mass “A in size bin

r

cum. mass ?

0.00 0.00

O.oa 0.00

8.00 8.00

21.50 29.50

18.60 48.10

51.90 100.00

Size Di!

Diameter

(yin)

118.4m2

102.1 m2

88.lm2

76m2

65.6m2

56.6m2

48.8m2

42.lm2

38.3m2

31 .3m2

27m2

23.3m2

20.1 m2

17.4m2

15m2

12.9m2

11.lm2

9.6m2

8.3m2

7.2m2

6.2m2

5.3m2

4.8m2

4m2

3.4m2

3m2

2.8m2

2.2m2

1.9m2

1.6m2

1.4m2

1 .2m2

Size Statistics (Malvern Data Only)

ution (Mall

% in

size bin

7)”

cum. vol.

per.

Malvern All Data

DV.5 Volume Mean Diam. 23.90

DV.9 90 Y. volume diameter 50.60

Dv.1 10 percentile volume diameter 6.00

D4,3 27.15

D3,2 Sauter Mean Diameter 13.45

Span 1.85

pacific Surface Area (rnWcc) 0.45

These Malvem data ere for the -325 mesh size fractions.
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